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10 BACKGROUND OF THE PJVENTION 

Hereditary hemochromatosis (HH) is an inherited disorder of iron 
metabolism wherein the body accumulates excess iron. In symptomatic individuals, this 
excess iron leads to deleterious effects by being deposited in a variety of organs leading to 
their failure, and resulting in cirrhosis, diabetes, sterility, and other serious illnesses. 
15 Neither the precise physiological mechanism of iron overaccumulation nor the gene which 
is defective in this disease has been described. 

HH is typically inherited as a recessive trait; in the current state of 
knowledge, homozygotes carrying two defective copies of the gene are most frequently 
affected by the disease. In addition, heterozygotes for the HH gene are more susceptible 
to sporadic porphyria cutanea tarda and potential other disorders (Roberts et al., Lancet 
349:321-323 (1997). It is estimated that approximately 10-15% of individuals of Western 
European descent carry one copy of the HH gene mutation and that there are about one 
million homozygotes in the United States. HH, thus, represents one of the most common 
genetic disease mutations in individuals of Westem European descent. Although 
ultimately HH produces debilitating symptoms, the majority of homozygotes and 
heterozygotes have not been diagnosed. 

The symptoms of HH are often similar to those of other conditions, and the 
severe effects of the disease often do not appear immediately. Accordingly, it would be 
desirable to provide a method to identify persons who may be destined to become 
symptomatic in order to intervene in time to prevent excessive tissue damage associated 
with iron overload. One reason for the lack of early diagnosis is the inadequacy of 
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presently available diagnostic methods to ascertain which individuals are at risk, 
especially while such individuals are presymptomatic. 

Although blood iron parameters can be used as a screening tool, a 
confirmed diagnosis often employs liver biopsy which is undesirably invasive, costly, and 
5 carries a risk of mortality. Thus, there is a clear need for the development of an 
inexpensive and noninvasive diagnostic test for detection of homozygotes and 
heterozygotes in order to facilitate diagnosis in symptomatic individuals, provide 
presymptomatic detection to guide intervention in order to prevent organ damage, and for 
identification of heterozygote carriers. 

10 The need for such diagnostics is documented, for example, in Barton, J.C, 

et al. Nature Medicine 2:394-395 (1996); Finch, C.A. West J Med 153:323-325 (1990); 
McCusick, V. Mendelian Inheritance in Man pp, 1882-1887, Uth ed., (Johns Hopkins 
University Press, Baltimore (1994)); Report of a Joint World Health 
Organization/Hemochromatosis Foundation/French Hemochromatosis Association Meeting 

15 on the Prevention and Control of Hemochromatosis (1993); Edwards, C.Q. et al. New 
Engl J Med 328:1616-1620 (1993); Bacon, B.R. New Engl J Med 326:126-127 (1992); 
Balan, V. et al. Gastroenterologv 107:453-459 (1994); Phatak, P.D. et al. Arch Int Med 
154:769-776 (1994). 

Although the gene carrying the mutation or mutations that cause HH has 

20 previously been unknown, genetic linkage studies in HH families have shown that the 
gene that causes the disease in Caucasians appears to reside on chromosome 6 near the 
HLA region at 6p21.3 (Cartwright, Trans Assoc Am Phvs 91:273-281 (1978); Lipinski, 
M. et al. Tissue Antigens 11:471-474 (1978)). It is believed that within this locus, a 
single mutation gave rise to the majority of disease-causing chromosomes present in the 

25 population today. See Simon, M. et al. Gut 17:332-334 (1976); McCusick, V. supra. 
This is referred to herein as the "conmion" or "ancestral" or "common ancestral" 
mutation. These terms are used interchangeably. It appears that about 80% to 90% of 
all HH patients carry at least one copy of the common ancestral mutation which is closely 
linked to specific alleles of certain genetic markers close to this ancestral HH gene defect. 

30 These markers are, as a first approximation, in the allelic form in which they were 

present at the time the ancestral HH mutation occurred. See, for example, Simon, M. et 
al. Am J Hum Genet 41:89-105 (1987); Jazwinska, E.G. et al. Am J Hum Genet 
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53:242-257 (1993); Jazwinska, E.G. et al. Am J Hum Genet 56:428-433 (1995); 
Worwood, M. et al. Brit J Hematol 86:863-866 (1994); Summers, K.M. et al. Am J 
Hum Genet 45:41-48 (1989). 

Several polymorphic markers in the putative HH region have been 
5 described and shown to have alleles that are associated with HH disease. These markers 
include the published microsatellite markers D6S258, D6S306 (Gyapay, G. et al. Nature 
Genetics 7:246-339 (1994)), D6S265 (Worwood, M. et al. Brit J Hematol 86:833-846 
(1994)), D6S105 (Jazwinska, E.G. et al. Am J Hum Genet 53:242-257 (1993); Jazwinska, 
E.G. et al. Am J Hum Genet 56:428-433 (1995)), D6S1001 (Stone, C. et al. Hum Molec 

10 Genet 3:2043-2046 (1994)), D6S1260 (Raha-Chowdhury et al. Hum Molec Genet 4:1869- 
1874 (1995)) as well as additional microsatellite and single-nucleotide-polymorphism 
markers disclosed in co-pending PCT application WO 96/35802 published November 14, 
1996, the disclosure of which is hereby incorporated by reference in its entirety. 

Although each of such markers may be of use in identifying individuals 

15 carrying the defective HH gene, crossing-over events have, over time, separated some of 
the ancestral alleles from the mutation that is responsible for HH, thereby limiting the 
utility of such surrogate markers. The limited diagnostic power of surrogate markers is 
obvious considering the fact that the frequency of the ancestral allele in the population is 
generally higher than the estimated frequency of the disease-causing mutation. The 

20 desirability of identifying the gene responsible for HH has long been recognized due to 
the health benefits that would be available via gene-based diagnostics, which has an 
intrinsically higher predictive power than surrogate markers and may eventually lead to 
the identification and diagnosis of disease-causing mutations other than the ancestral 
mutation. In addition, identification of the HH gene would further our understanding of 

25 the molecular mechanisms involved in HH disease thereby opening new approaches for 
therapy. This goal has motivated numerous, but previously unsuccessful attempts to 
identify the HH gene. 

These attempts have been made by a variety of methods. For example, 
genes known to be involved in iron transport or metabolism have been examined as 

30 candidates. An example of one unsuccessful attempt is the assignment of the ferritin 
heavy chain gene to Chromosome 6p, and subsequent exclusion of this gene on the basis 
of its precise localization outside of the HH region, and failure to find mutations in HH 
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patients. See Dugast, I.J. et al. Genomics 6:204-211 (1990); Summers et al. Hum Genet 
88:175-178 (1991). 

Another strategy has been to employ the genomic DNA surrounding the 
postulated HH locus to select expressed genes from this region. These genes have been 
5 evaluated in HH patients for mutations in an attempt to identify them as the causative 
gene. Examples of searches that have not resulted in the identification of the HH gene 
are illustrated in El Kahloun et al. Hum Molec Genet 2:55-60 (1992), Goei et al. Am J 
Hum Genet 54:244-251 (1994), and Beutler et al. Blood Cells, Molecules, and Diseases 
21:206-216 (1995). 

10 Finally, although the strategy of using positional information obtained from 

genetic studies has long been a widely used approach, estunates of the position of the HH 

gene remained imprecise. Examples of this uncertainty are demonstrated in Gruen et al. 

Genomics 14:232-240 (1992) and in Gasparini et al. Hematoloev 19:1050-1056 (1994). 

Indeed, a number of contradictory conclusions have been reported, some placing the HH 
15 gene proximal of HLA-A (Edwards et al. Cvtogenet Cell Genet 40:620 (1985); Gasparini, 

P. et al. Hum Molec Genet 2:571-576 (1993)) while others placed the gene distal of 

HLA-A (Calandro et al. Hum Genet 96:339-342 (1995)). 

Until very recently, in spite of the linkage studies placing the HH disease 

gene in the HLA region of Chromosome 6, the biological relevance of alterations in HLA 
20 Class I components has not been particularly well explored. Work by de Sousa et al. 

Immun Lett 39:105-111 (1994), and more recent work by Rothenberg, B.E. and Voland, 

J.R. Proc Natl Acad Sci USA 93:1529-1534 (1996) indicated that )S-2-microglobulin 

knock-out mice develop symptoms of iron overload. j8-2-microglobulin is presented on 

cell surfaces as a complex with HLA Class I MHC's. de Sousa et al, supra, (1994) and 
25 Barton, J.C. and Bertoli, L.F. Nature Medicine 2:394-395 (1996) speculated that )8-2- 

microglobulin associated proteins or a unique Class I gene could be involved in the 

control of intestinal iron absorption and possibly HH disease. 

In spite of the extensive efforts in the art to find the gene responsible for 

HH, the gene has remained elusive. Nevertheless, as will be appreciated it would be 
30 highly desirable to identify, isolate, clone, and sequence the gene responsible for HH and 

to have improved diagnostic methods for detection of affected individuals, whether 

homozygotes or heterozygotes. 
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SUMMARY OF THE INVENTION 

One aspect of the invention is an isolated nucleic acid comprising a nucleic 
acid sequence selected from the group consisting of: 

nucleic acid sequences corresponding to the nucleic acid sequence of SEQ 
5 ID N0:1 (which corresponds to the genomic sequence of the HH gene including 

introns and exons as shown in Figure 3); 

nucleic acid sequences corresponding to the nucleic acid sequences selected 
from the group consisting of SEQ ID NO: 3 (which corresponds to the genomic 
sequence of the HH gene containing the 24dl mutation as shown in Figure 3), 
10 SEQ ID NO:5 (which corresponds to the genomic sequence of the HH gene 

containing the 24d2 mutation as shown in Figure 3), SEQ ID NO: 7 (which 
corresponds to the genomic sequence of the HH gene containing the 24dl and the 
24d2 mutations as shown in Figure 3); 

nucleic acid sequences corresponding to the nucleic acid sequence of SEQ 
15 ID NO:9 (which corresponds to the cDNA sequence including the coding sequence 

of the HH gene as shown in 4); 

nucleic acid sequences corresponding to the nucleic acid sequences selected 
from the group consisting of SEQ ID NO: 10 (which corresponds to the cDNA 
sequence including the coding sequence of the HH gene containing the 24dl 
20 mutation as shown in Figure 4), SEQ ID NO: 11 (which corresponds to the cDNA 

sequence including the coding sequence of the HH gene containing the 24d2 
mutation as shown in Figure 4), and SEQ ID NO: 12 (which corresponds to the 
cDNA sequence including the coding sequence of the HH gene containing the 
24dl and the 24d2 mutations as shown in Figure 4); 
25 In one embodiment, the nucleic acid is DNA. In another embodiment, the 

DNA is cDNA. In another embodiment, the nucleic acid is RNA. In another 
embodiment, the nucleic acid is a nucleic acid sequence corresponding to the nucleic acid 
sequence of SEQ ID NO:l. In another embodiment, the nucleic acid is a nucleic acid 
sequence corresponding to the nucleic acid sequence of SEQ ID NO:9. In another 
30 embodiment, the nucleic acid is a nucleic acid sequence corresponding to a nucleic acid 
sequence selected from the group consisting of SEQ ID NO:3, SEQ ID NO:5, and SEQ 
ID NO: 7, In another embodiment, the nucleic acid is a nucleic acid sequence 
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corresponding to a nucleic acid sequence selected from the group consisting of SEQ ID 
NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12. 

A further aspect of the invention is a cloning vector comprising a coding 
sequence of a nucleic acid as set forth above and a replicon operative in a host cell for the 
5 vector. 

A further aspect of the invention is an expression vector comprising a 
coding sequence of a nucleic acid set forth above operably linked with a promoter 
sequence capable of directing expression of the coding sequence in host cells for the 
vector. 

10 A further aspect of the invention is host cells transformed with a vector as 

set forth above. 

A further aspect of the invention is a method of producing a mutant HH 
polypeptide comprising: transforming host cells with a vector capable of expressing a 
polypeptide from a nucleic acid sequence as set forth above; culturing the cells under 

15 conditions suitable for production of the polypeptide; and recovering the polypeptide. 

A further aspect of the invention is a peptide product selected from the 
group consisting of: a polypeptide having the amino acid sequence corresponding to the 
sequence of SEQ ID NO:2; a polypeptide having the amino acid sequence corresponding 
to the sequence of SEQ ID NO:4, SEQ ID NO:6, and SEQ ID NO:8; a peptide 

20 comprising at least 6 amino acid residues corresponding to the sequence of SEQ ID 

N0:2; a peptide comprising at least 6 amino acid residues corresponding to the sequence 
of SEQ ID NO:4, SEQ ID NO:6, and SEQ ID NO:8. In one embodiment, the peptide is 
labeled. In another embodiment, the peptide is a fusion protein. 

A further aspect of the invention is a use of a peptide as set forth above as 

25 an immunogen for the production of antibodies. In one embodiment, there is provided an 
antibody produced in such application. In one embodiment, the antibody is labeled. In 
another embodiment, the antibody is bound to a solid support. In a further embodiment, 
the antibody is monoclonal. 

A further aspect of the invention is a method to determine the presence or 

30 absence of the common hereditary hemochromatosis (HH) gene mutation in an individual, 
comprising: providing DNA or RNA from the individual; and assessing the DNA or 
RNA for the presence or absence of the HH-associated allele A of a base-pair mutation 
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24dl, wherein, as a result, the absence of the allele indicates the absence of the HH gene 
mutation in the genome of the individual and the presence of the allele the presence of the 
HH gene mutation in the genome of the individual. In a further embodiment, the method 
further comprises assessing the DNA or RNA for the presence of the base-pair mutation 
5 designated 24d2. 

In a further embodiment the assessment can be made in combination with 
one or more microsatellite repeats or other polymorphisms. Thus, in a further aspect of 
the invention, the assessing step further comprises assessing the DNA or RNA for the 
presence or absence of any one of the following HH-associated alleles of base pair 

10 polymorphisms HHP-1, HHP-19, or HHP-29, wherein, as a result, the presence of the 
24dl and/or 24d2 allele in combination with the presence of at least one of the base pair 
polymorphisms HHP-1, HHP-19, or HHP-29 indicates the likely presence of the HH gene 
mutation in the genome of the individual and the absence of 24dl and/or 24d2 allele in 
combination with the absence of at least one of the base pair polymorphisms HHP-1, 

15 HHP-19, or HHP-29 indicates a likely absence of the HH gene mutation in the genome of 
the individual. In another embodiment, the assessing step further comprises assessing the 
DNA or RNA for the presence of absence of any one of the following alleles defined by 
markers having microsatellite repeats: 19D9:205; 18B4:235; 1A2:239; 1E4:271; 
24E2:245; 288:206; 3321-1:98; 4073-1:182; 4440-1:180; 4440-2:139; 731-1:177; 5091- 

20 1:148; 3216-1:221; 4072-2:170; 950-1:142; 950-2:164; 950-3:165; 950-4:128; 950-6:151; 
950-8:137; 63-1:151; 63-2:113; 63-3:169; 65-1:206; 65-2:159; 68-1:167; 241-5:108; 241- 
29:113; 373-8:151; and 373-29:113, D6S258:199, D6S265:122, D6S105:124; 
D6S306:238; D6S464:206; and D6S1001:180, wherein, as a resuU, the presence of the 
24dlA and/or 24d2 allele in combination with the presence of at least one microsatellite 

25 repeat allele indicates the likely presence of the HH gene mutation in the genome of the 
individual and the absence of the 24dl and/or 24d2 allele in combination with the absence 
of any one or all of the microsatellite repeat alleles indicates the likely absence of the HH 
gene mutation in the genome of the individual. In another embodiment, the assessing 
step is performed by a process which comprises subjecting the DNA or RNA to 

30 amplification using oligonucleotide primers flanking the base-pair polymorphism 24dl 
and/or 24d2 and oligonucleotide primers flanking at least one of the base-pair 
polymorphisms HHP-1, HHP-19, and HHP-29. In another embodiment, the assessing 
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step is performed by a process which comprises subjecting the DNA or RNA to 
amplification using oligonucleotide primers flanking the base-pair polymorphism 24dl 
and/or 24d2 and oligonucleotide primers flanking at least one of the microsatellite repeat 
alleles. In another embodiment, the assessing step is performed by a process which 
comprises subjecting the DNA or RNA to amplification using oligonucleotide primers 
flanking the base-pair polymorphism 24dl and/or 24d2, oligonucleotide primers flanking 
at least one of the base-pair polymorphisms HHP-1, HHP-19, and HHP-29, and 
oligonucleotide primers flanking at least one of the microsatellite repeat alleles. 

A further aspect of the invention is a set of oligonucleotides for use in an 
oligonucleotide ligation assay determination of the presence or absence of an HH- 
associated allele of a base-pair polymorphism, wherein the base pair polymorphisms 
comprises 24dl and the oligonucleotides comprise the sequences of SEQ ID NO: 15, SEQ 
ID NO: 16, and SEQ ID NO: 17. 

A further aspect of the invention is a kit for the detection of the presence 
or absence or an HH-associated allele of a base-pair polymorphism, the base-pair 
polymorphism comprising 24dl, as designated herein, the kit comprising the above 
oligonucleotide primer set. In another embodiment, the kit further comprises 
oligonucleotide primers for amplifying the DNA containing the base-pair polymorphism. 

Another aspect of the invention is a kit for detection of a polymorphism in 
the HH gene in a patient, the sample kit comprising at least one oligonucleotide of at least 
8 nucleotides in length selected from the group consisting of SEQ ID NOS: 1, 3, 5, 7, 9, 
10, 11, or 12, wherein the oligonucleotide is used to amplify a region of HH DNA or 
RNA in a patient sample. In another aspect of the invention the kit further comprises at 
least a second oligonucleotide selected from the group consisting of SEQ ID NOS: 1,3, 
5, 7, 9, 10, 11, or 12, wherein the first and second oligonucleotides comprise a primer 
pair. 

A further aspect of the invention is a method to evaluate potential 
responsiveness of an individual infected with hepatitis C to interferon treatment, 
comprising determining the presence or absence of the common hereditary 
hemochromatosis gene in the individual according to any of the above methods. 

A further aspect of the invention is an oligonucleotide primer useful for 
amplification of DNA, the oligonucleotide primer designed on the basis of the DNA 
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sequence of any one of SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO:29, and SEQ ID 
NO:30. 

A further aspect of the invention is a method for diagnosing whether a 
patient is afflicted with hereditary hemochromatosis (HH) disease, comprising: contacting 
5 cells of the patient with antibodies directed against an epitope on an HH protein product 
corresponding substantially to SEQ ID NO:2; and observing whether the antibodies 
localize on the cells, wherein, in the observing step, if antibodies do not localize to the 
cell there is a probability that the patient is afflicted with HH. In one embodiment, the 
method is conducted in vitro. In another embodiment, the method is conducted in vivo, 

10 A further aspect of the invention is a method for treating a patient 

diagnosed as having hereditary hemochromatosis (HH) disease, comprising delivering a 
polypeptide corresponding to the amino acid sequence of SEQ ID NO: 2 to tissues of the 
patient. The patient can be homozygous or heterozygous for 24dl, and may be a 
compound 24dl/24d2 heterozygote. In an embodiment, the polypeptide is delivered 

15 directly to the tissues. In another embodiment, the polypeptide is delivered intravenously. 
In another embodiment, the polypeptide is delivered to the tissues through gene therapy. 

A further aspect of the invention is an animal model for hereditary 
hemochromatosis (HH) disease, comprising a manmial possessing a mutant or knocked- 
out HH gene. 

20 A further aspect of the invention is metal chelation agents derived from 

nucleic acid sequences described above or from a peptide product as described above in a 
physiologically acceptable carrier. In one embodiment, the metal is selected from the 
group consisting of iron, mercury, cadmium, lead, and zinc. 

A further aspect of the invention is a method to screen mammals for 

25 susceptibility to metal toxicities, comprising, screening such manunals for a mutation in 
the HH gene and wherein those manmials identified as having a mutation are more 
susceptible to metal toxicities than manmials not identified as having a mutation. In one 
embodiment, the metal is selected from the group consisting of iron, mercury, cadmium, 
lead, and zinc. 

30 A further aspect of the invention is a method for selecting patients infected 

with hepatitis virus for a-interferon treatment, comprising screening such patients for a 
mutation in the HH gene and wherein those patients not identified as having a mutation 
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are selected to proceed with a-interferon treatment and those identified as having a 
mutation are selected to undergo phlebotomy prior to a-interferon treatment. 

A further aspect of the invention is a T-cell differentiation factor 
comprising a moiety selected from the group consisting of molecules derived from nucleic 
5 acid sequences described above and from peptide products described above. 

A further aspect of the invention is a method for screening potential 
therapeutic agents for activity in connection with HH disease, comprising: providing a 
screening tool selected from the group consisting of a cell line, a cell free, and a manmial 
containing or expressing a defective HH gene or gene product; contacting the screening 

10 tool with the potential therapeutic agent; and assaying the screening tool for an activity 
selected from the group consisting of HH protein folding, iron uptake, iron transport, iron 
metabolism, receptor-like activities, upstream processes, downstream processes, gene 
transcription, and signaling events. 

A further aspect of the invention is a therapeutic agent for the mitigation of 

15 injury due to oxidative processes in vivo, comprising a moiety selected from the group 
consisting of molecules derived from nucleic acid sequences described above and from 
peptide products described above. 

A further aspect of the invention is a method for diagnosing a patient as 
having an increased risk of developing HH disease, comprising: providing DNA or RNA 

20 from the individual; and assessing the DNA or RNA for the presence or absence of the 
HH-associated allele A of a base mutation designated herein 24dl in combination with 
assessing die DNA or RNA for the HH-associated allele G of a base mutation designated 
herein 24d2, wherein, as a result, the absence of the alleles indicates the absence of the 
HH gene mutation in the genome of the individual and the presence of the alleles 

25 indicates the presence of the HH gene mutation in the genome of the individual and an 
increased risk of developing HH disease. In an embodiment, this assessment is done in 
combination with one or more microsatellite repeats or other polymorphisms. Thus, in a 
further aspect of the invention, the assessing step further comprises assessing the DNA or 
RNA for the presence or absence of any one of the following HH-associated alleles of 

30 base pair polymorphisms HHP-1, HHP-19, or HHP-29, wherein, as a result, the presence 
of the 24dl and/or 24d2 allele in combination with the presence of at least one of the base 
pair polymorphisms HHP-1, HHP-19, or HHP-29 indicates the likely presence of the HH 
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gene mutation in the genome of the individual and the absence of 24dl and/or 24d2 allele 
in combination with the absence of at least one of the base pair polymorphisms HHP-1, 
HHP-19, or HHP-29 indicates a likely absence of the HH gene mutation in the genome of 
the individual. In another embodiment, the assessing step further comprises assessing the 
5 DNA or RNA for the presence of absence of any one of the following alleles defined by 
markers having microsatellite repeats: 19D9:205; 18B4:235; 1A2:239; 1E4:271; 
24E2:245; 2B8:206; 3321-1:98; 4073-1:182; 4440-1:180; 4440-2:139; 731-1:177; 5091- 
1:148; 3216-1:221; 4072-2:170; 950-1:142; 950-2:164; 950-3:165; 950-4:128; 950-6:151; 
950-8:137; 63-1:151; 63-2:113; 63-3:169; 65-1:206; 65-2:159; 68-1:167; 241-5:108; 241- 
10 29:113; 373-8:151; and 373-29:113, D6S258:199, D6S265:122, D6S105:124; 

D6S306:238; D6S464:206; and D6S1001:180, wherein, as a result, the presence of the 
; 3 24dlA and/or 24d2 allele in combination with the presence of at least one microsatellite 
['Z repeat allele indicates the likely presence of the HH gene mutation in the genome of the 
=i individual and the absence of the 24dl and/or 24d2 allele in combination with the absence 
i nl5 of any one or all of the microsatellite repeat alleles indicates the likely absence of the HH 

gene mutation in the genome of the individual, 
u A further aspect of the invention is a therapeutic agent for the mitigation of 

15 iron overload, comprising a moiety selected from the group consisting of molecules 

derived from nucleic acid sequences described above and from peptide products described 
u20 above. 

A further aspect of the invention is a method for treating hereditary 
hemochromatosis (HH) disease, comprising: providing an antibody directed against an 
HH protein sequence or peptide product; and delivering the antibody to affected tissues or 
cells in a patient having HH. 

25 A further aspect of the invention is an antisense oligonucleotide directed 

against a transcriptional product of a nucleic acid sequence selected from the group 
consisting of therapeutic agent for the mitigation of iron overload, comprising a moiety 
selected from the group consisting of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ 
ID NO:7, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, and SEQ ID NO: 12. 

30 A further aspect of the invention is an oligonucleotide of at least 8 

nucleotides in length selected from nucleotides 1-46, 48-123; 120-369; 365-394; 390-540; 
538-646; 643-1004; 1001-1080; 1083-1109; 1106-1304; 1301-1366; 1363-1386; 1389- 
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1514; 1516-1778; 1773-1917; 1921-2010; 2051-2146; 2154-2209; 2234-2368; 2367-2422; 

2420-2464; 2465-2491; 2488-2568; 2872-2901; 2902-2934; 2936-2954; 2449-3001; 3000- 

3042; 3420-3435; 3451-3708; 3703-3754; 3750-3770; 3774-3840; 3840-3962; 3964-3978; 

3974-3992; 3990-4157; 4153-4251; 4257-4282; 4284-4321; 4316-4333; 4337-4391; 4386- 
5 4400; 4398-4436; 4444-4547; 4572-4714; 4709-4777; 5165-5397; 5394-6582; 5578-5696; 

5691-5709; 5708-5773; 5773-5816; 5818-5849; 5889-6045; 6042-6075; 6073-6108; 6113- 

6133; 6150-6296; 6292-6354; 6356-6555; 6555-6575; 6575-6616; 6620-6792; 6788-6917; 

6913-7027; 7023-7061; 7056-7124; 7319-7507; 7882-8000; 7998-8072; 8073-8098; 9000- 

9037; 9486-9502; 9743-9811; 9808-9831; 9829-9866; 9862-9986; 9983-10075; 10072- 
10 10091; 10091-10195; 10247-10263; 10262-10300; 10299-10448; 10448-10539; 10547- 

10564; 10580-10612; 10608-10708; 10703-10721; 10716-10750; 10749-10774; 10774- 

10800; and 10796-10825 of SEQ ID NO:l, 3, 5, or 7. 

A further aspect of the invention is an oligonucleotide of at least 9 

nucleotides in length selected from nucleotides 1-47; 47-124; 119-370; 364-395; 389-541; 
15 537-647; 642-1005; 1000-1081; 1082-1110; 1105-1305; 1300-1367; 1362-1387; 1388- 

1515; 1515-1918; 1920-2011; 2050-2147; 2153-2210; 2233-2369; 2366-2423; 2419-2465; 

2464-2492; 2487-2569; 2871-2935; 2935-3002; 2999-3043; 3419-3436; 3450-3755; 3749- 

3771; 3773-3841; 3839-3963; 3963-3979; 3973-3993; 3989-4158; 4152-4252; 4256-4283; 

4283-4334; 4336-4401; 4397-4437; 4443-4548; 4571-4778; 5164-5398; 5393-5583; 5577- 
20 5710; 5707-5774; 5772-5817; 5817-5850; 5888-6046; 6041-6076; 6072-6109; 6112-6134; 

6149-6355; 6355-6556; 6554-6576; 6574-6793; 6787-7125; 7318-7508; 7881-8001; 7997- 

8073; 8072-8099; 8999-9038; 9485-9503; 9742-9812; 9807-9832; 9828-9867; 9861-9987; 

9982-10076; 10071-10092; 10090-10196; 10246-10264; 10261-10301; 10298-10449; 

10447-10540; 10546-10565; 10579-10751; 10748-10775; 10773-10801; and 10795-10825 
25 of SEQ ID NO:l, 3, 5, or 7. 

A further aspect of the invention is an oligonucleotide of at least 10 

nucleotides in length selected from nucleotides 1-48; 46-125; 118-1006; 999-1082; 1081- 

1111; 1104-1306; 1299-1368; 1361-1388; 1387-1516; 1514-1919; 1919-2012; 2049-2148; 

2152-2211; 2232-2370 2365-2424; 2418-2466; 2463-2493; 2486-2570; 2870-2936; 2934- 
30 3003; 2998-3044; 3418-3437; 3449-3772; 3772-3842; 3838-3964; 3962-3994; 3988-4284; 

4282-4335; 4335-4402; 4396-4438; 4442-4549; 4570-4779; 5163-5711; 5706-5775; 5771- 

5818; 5816-5851; 5867-6047; 6040-6077; 6071-6110; 6111-6135; 6148-6356; 6354-6577; 
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6573-7126; 7317-7509; 7880-8074; 8071-8100; 8998-9039; 9484-9504; 9741-9813; 9806- 
9833; 9827-9988; 9981-10093; 10089-10197; 10245-10265; 10260-10302; 10297-10450; 
10446-10541; 10545-10566; 10578-10752; 10747-10776; and 10772-10825 of SEQ ID 
N0:1, 3, 5, or 7. 

5 A further aspect of the invention is an oligonucleotide of at least 11 

nucleotides in length selected from nucleotides 1-49; 45-1389; 1386-1517, 1513-1920; 
1918-2013; 2048-2149; 2151-2212; 2231-2371; 2364-2425; 2417-2467; 2462-2571; 2869- 
2937; 2933-3004; 2997-3045; 3417-3438; 3448-3773; 3771-3843; 3837-3965; 3961-3995; 
3987-4285; 4281-4336; 4334-4403; 4395-4439; 4441-4550; 4569-4780; 5162-5712; 5705- 
10 5776; 5770-5819; 5815-5852; 5886-6111; 6100-6136; 6147-6357; 6353-6578; 6572-7127; 
7316-7510; 7879-8075; 8070-8101; 8997-9040; 9483-9505; 9740-10198; 10244-10266; 
1 10257-10303; 10296-10451; 10445-10542; 10544-10567; 10577-10753; 10746-10777; and 
; = 10771-10825 of SEQ ID NO:l, 3, 5, or 7. 

^ A further aspect of the invention is an oligonucleotide of at least 12 

ms nucleotides in length selected from nucleotides 1-50, 44-1390; 1385-1518; 1512-1921; 

1917-2014; 2047-2150; 2150-2213; 2230-2372; 2363-2468; 2461-2572; 2868-2938; 2932- 
:;3 3005; 2996-3046; 3416-3439; 3447-3774; 3770-3844; 3836-3966; 3960-4286; 4280-4337; 
i:3 4333-4440; 4440-4551; 4568^781; 5161-5713; 5704-5777; 5669-5820; 5814-5853; 5885- 

6II2; 6IO9-6I37; 6146-6358; 6352-6579; 6571-7128; 7315-7511; 7878-8076; 8069-8102; 
^ 320 8996-9041; 9482-9506; 9739-10199; 10243-10267; 10256-10304; 10295-10452; 10444- 

10543; 10543-10566; 10576-10754; 10745-10778; and 10770-10825 of SEQ ID NO:l, 3, 

5, or 7. 

A further aspect of the invention is an oligonucleotide of at least 13 
nucleotides in length selected from nucleotides 1-51; 43-1391; 1384-1519; 1511-1922; 

25 1916-2015; 2046-2151; 2149-2214; 2229-2469; 2460-2573; 2867-2939; 2931-3047; 3415- 
3440; 3446-3775; 3769-3845; 3835-3967; 3959-4287; 4279-4338; 4332-4441; 4439-4552; 
4567-4782; 5160-5778; 5668-5821; 5813-5854; 5884-6113; 6108-6138; 6145-6359; 6351- 
6580; 6570-7129; 7314-7512; 7877-8077; 8068-8103; 8995-9042; 9481-9507; 9738- 
10200; 10242-10453; 10443-10544; 10542-10567; 10575-10779; and 10769-10825 of 

30 SEQ ID NO:l, 3, 5, or 7. 

A further aspect of the invention is an oligonucleotide of at least 14 
nucleotides in length selected from nucleotides 1-52; 42-1392; 1383-1520; 1510-1923; 
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1915-2016; 2045-2152; 2148-2215; 2228-2574; 2866-2940; 2930-3048; 3414-3441; 3445- 

3776; 3768-3968; 3959-4288; 4278-4339; 4331-4442; 4438-4553; 4566-4783; 5159-5822; 

5812-5855; 5883-6114; 6107-6139; 6144-6360; 6350-6581; 6569-7130; 7313-7513; 7876- 

8078; 8067-8104; 8994-9043; 9480-9508; 9737-10201; 10241-10454; 10442-10545; 
5 10541-10568; and 10574-10825 of SEQ ID NO:l, 3, 5, or 7. 

A further aspect of the invention is an oligonucleotide of at least 15 

nucleotides in length selected from nucleotides 1-53; 41-1393; 1382-1521; 1509-1924; 

1914-2017; 2044-2153; 2147-2216; 2227-2575; 2865-2942; 2929-3049; 3413-3442; 3444- 

3777; 3767-3969; 3958-4289; 4277-4340; 4330-4443; 4437-4554; 4565-4784; 5158-5823; 
10 5811-5856; 5882-6115; 6106-6140; 6143-6361; 6349-7131; 7312-7514; 7875-8105; 8993- 

9044; 9479-9509; 9736-10202; 10240-10546; 10540-10569; and 10573-10825 of SEQ ID 

NO:l, 3, 5, or 7. 

A further aspect of the invention is an oligonucleotide of at least 16 

nucleotides in length selected from nucleotides 1-1394; 1381-1925; 1913-2018; 2043- 
15 2154; 2146-2217; 2226-2576; 2864-3050; 3412-3443; 3443-3778; 3766-4341; 4329-4444; 

4436-4555; 4564-4785; 5157-5857; 5881-6116; 6105-6141; 6142-7132; 7311-7515; 7874- 

8106; 8992-9045; 9478-9510; 9735-10203; 10239-10547; 10539-10570; and 10572-10825 

of SEQ ID NO:l, 3, 5, or 7. 

A further aspect of the invention is an oligonucleotide of at least 17 
20 nucleotides in length selected from nucleotides 1-1926; 1912-2019; 2042-2155; 2145- 

2218; 2225-2577; 2863-3051; 3411-3779; 3765-4342; 4329-4445; 4435-4556; 4563-4786; 

5156-5858; 5880-6117; 6104-6142; 6141-7133; 7310-7516; 7873-8107; 8991-9046; 9477- 

9511; 9734-10204; 10238-10548; 10538-10571; and 10571-10825 of SEQ ID NO:l, 3, 5, 

or 7. 

25 A further aspect of the invention is an oligonucleotide of at least 18 

nucleotides in length selected from nucleotides 1-2020; 2041-2156; 2144-2219; 2224- 
2578; 2862-3052; 3410-3780; 3764-4446; 4434-4557; 4562-4787; 5155-5859; 5879-6118; 
6103-6143; 6140-7134; 7309-7517; 7872-8108; 8990-9047; 9476-9512; 9733-10205; 
10237-10549; 10537-10572; and 10570-10825 of SEQ ID NO:l, 3, 5, or 7. 

30 A further aspect of the invention is an oligonucleotide of at least 8 

nucleotides in length selected from nucleotides 1-55; 55-251; 250-306; 310-376; 380-498; 
500-528; 516-543; 541-578; 573-592; 590-609; 611-648; 642-660; 664-717; 712-727; 
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725-763; 772-828; 813-874; 872-928; 913-942; 940-998; 997-1046; 1054-1071; 1076- 

1116; 1115-1182; 1186-1207; 1440-1483; 1482-1620; 2003-2055; 2057-2107; 2116-2200; 

and 2453-2469 of SEQ ID NO:9, 10, 11 or 12. 

A further aspect of the invention is an oligonucleotide of at least 9 
5 nucleotides in length selected from nucleotides 1-56; 54-252; 249-307; 309-377; 379-499; 

499-529; 515-544; 540-579; 572-593; 589-610; 610-649; 641-661; 663-718; 711-728; 

724-764; 771-829; 812-875; 871-929; 912-943 ; 939-999; 996-1047; 1053-1072; 1075- 

1117; 1114-1183; 1185-1208; 1439-1484; 1481-1629; 2002-2056; 2056-2108; 2115-2201; 

and 2452-2470 of SEQ ID NO:9, 10, 11 or 12. 
10 A further aspect of the invention is an oligonucleotide of at least 10 

nucleotides in length selected from nucleotides 1-57; 53-253; 248-308; 308-378; 378-500; 

498-530; 514-545; 539-580; 571-594; 588-611; 609-662; 662-729; 723-765; 770-876; 

870-944; 938-1000; 995-1048; 1052-1073; 1074-1118; 1113-1184; 1184-1209; 1438- 

1485; 1480-1630; 2001-2057; 2055-2109; 2114-2202; and 2451-2471 of SEQ ID NO:9, 
15 10, 11 or 12. 

A further aspect of the invention is an oligonucleotide of at least 11 
nucleotides in length selected from nucleotides 1-58; 52-254; 247-309; 307-379; 377-501; 
497-531; 513-546; 538-595; 587-612; 608-663; 661-730; 722-766; 769-877; 869-1049; 
1051-1074; 1073-1119; 1112-1185; 1183-1210; 1437-1486; 1479-1631; 2000-2058; 2054- 

20 2110; 2113-2203; and 2450-2472 of SEQ ID NO:9, 10, 11 or 12. 

A further aspect of the invention is an oligonucleotide of at least 12 
nucleotides in length selected from nucleotides 1-255; 246-310; 306-380; 376-502; 496- 
596; 586-613; 607-664; 660-767; 768-1050; 1050-1075 ; 072-1120; 1111-1186; 1182- 
1211; 1436-1487; 1478-1632; 1999-2059; 2053-2121; 2112-2204; and 2449-2473 of SEQ 

25 ID NO:9, 10, 11 or 12. 

A further aspect of the invention is an oligonucleotide of at least 13 
nucleotides in length selected from nucleotides 1-311; 305-381; 375-503; 495-614; 606- 
665; 659-768; 767-1051; 1049-1076; 1071-1121; 1110-1187; 1181-1212; 1435-1633; 
1998-2060; 2052-2205 and 2448-2474 of SEQ ID NO:9, 10, 11 or 12. 

30 A further aspect of the invention is an oligonucleotide of at least 14 

nucleotides in length selected from nucleotides 1-312; 304-382; 374-504; 494-615; 605- 
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666; 658-769; 766-1052; 1048-1077; 1070-1188; 1180-1213; 1434-1634; 1997-2061; 
2051-2206; and 2447-2475 of SEQ ID NO:9, 10, 11 or 12. 

A further aspect of the invention is an oligonucleotide of at least 15 
nucleotides in length selected from nucleotides 1-313; 303-383; 373-505; 493-616; 604- 
5 667; 657-770; 765-1053; 1047-1078; 1069-1189; 1179-1214; 1433-1635; 1996-2062; 
2050-2207; and 2446-2476 of SEQ ID N0:9, 10, 11 or 12. 

A ftirther aspect of the invention is an oligonucleotide of at least 16 
nucleotides in length selected from nucleotides 1-314; 302-384; 372-668; 656-771; 764- 
1054; 1046-1079; 1068-1190; 1178-1215; 1432-1636; 1995-2208; and 2445-2477 of SEQ 
10 ID NO:9, 10, 11 or 12. 

A further aspect of the invention is an oligonucleotide of at least 17 
nucleotides in length selected from nucleotides 1-315; 301-385; 371-669; 655-772; 763- 
1055; 1045-1080; 1067-1191; 1177-1216; 1431-1637; 1994-2209; and 2444-2478 of SEQ 
ID NO:9, 10, 11 or 12. 
15 A further aspect of the invention is an oligonucleotide of at least 18 

nucleotides in length selected from nucleotides 1-773; 762-1056; 1044-1081; 1066-1192; 
1176-1217; 1430-1638; 1993-2210; and 2443-2479 of SEQ ID NO:9, 10, 11 or 12. 



BRIEF DESCRIPTION OF THE DRAWING FIGURES 

20 Figure 1 is a physical map showing the positions of markers on 

Chromosome 6 telomeric of the HLA region and the set of genomic clones used in our 
gene discovery efforts. In the Figure, "y" designates a YAC (yeast artificial 
chromosome) clone, "p" designates a pi clone, "b" designates a BAC (bacterial artificial 
chromosome) clone, and "pc" designates a PAC (pi artificial chromosome). 

25 Figure 2 is a subset of chromosomes showing the overlap of ancestral DNA 

between HH affected chromosomes from patients at markers in a narrow region of 
Chromosome 6, approximately 4.8 Mbp telomeric of the HLA region. These overlapping 
regions were used to define the minimal HH region. Shaded regions are "ancestral 
regions" maintained "identical by descent." The region that is ancestral and in common 

30 between all of these chromosomes is between markers 241-29 and 63-3. This is where 
the HH gene should reside. 



17 

Figure 3 is a nucleotide sequence of the genomic DNA containing the HH 
gene (SEQ ID N0:1). The sequence comprises approximately 11,000 nucleotides. The 
sequence corresponding to the HH gene coding regions have been capitalized and 
underlined. The positions of the 24dl and the 24d2 mutations and the 24d7 sequence 
5 variants are shown where base 5474 corresponds to the position of the 24dl mutation, 
base 3512 corresponds to the position of the 24d2 mutation, and base 3518 corresponds to 
the position of the 24d7 sequence variation. Sequences corresponding to the genomic 
DNA including the 24dl mutation are referred to herein as SEQ ID NO: 3, sequences 
corresponding to the genomic DNA including the 24d2 mutation are referred to herein as 

10 SEQ ID NO:5, and sequences corresponding to the genomic DNA including the 24dl and 
the 24d2 mutations are referred to herein as SEQ ID NO: 7. 

Figure 4 is the nucleotide sequence of the translated portion of the cDNA 
(SEQ ID NO: 9) corresponding to coding regions in the HH gene. The nucleotide 
sequence of the cDNA is arbitrarily numbered beginning at 1 with the A in the start 

15 codon (ATG). The predicted amino acid sequence of the protein product is provided 
(SEQ ID NO:2); and sequence variants in the gene, as well as the associated changes in 
the amino acid sequence caused by such variants are indicated on the Figure at base 187 
(residue 63), base 193 (residue 65), and base 845 (residue 282). Sequences 
corresponding to cDNA including the 24dl mutation are referred to herein as SEQ ID 

20 NO: 10, sequences corresponding to the cDNA including the 24d2 mutation are referred to 
herein as SEQ ID NO: 11, and sequences corresponding to the cDNA including the 24dl 
and the 24d2 mutations are referred to herein as SEQ ID NO: 12. Sequences of the 
predicted protein product including the amino acid change caused by the 24dl mutation is 
referred to herein as SEQ ID NO:4, sequences of the predicted protein product including 

25 the amino acid change caused by the 24d2 mutation is referred to herein as SEQ ID 
NO: 6, and sequences of the predicted HH protein product including the amino acid 
change caused by the 24dl and 24d2 mutations is referred to herein as SEQ ID NO: 8. 

Figure 5 shows the oligonucleotide sequences used for amplification (SEQ 
ID NOS:13 and 14) and OLA determination (SEQ ID NOS: 15, 16 AND 17) of the 24dl 

30 gene mutation of the present invention. 

Figure 6 shows a 517 base sequence representing the genomic DNA 
surrounding the 24dl gene mutation of the present invention. Figure 6a shows the 
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position of 24dl in the normal G allele and the portions of the sequence used for the 
design of the primers illustrated in Figure 5 (SEQ ID NO: 20), and Figure 6b shows the 
position of 24dl in the mutated A allele and the portions of the sequence used for the 
design of the primers illustrated in Figure 5 (SEQ ID NO:21). 

5 Figure 7 shows the sequence alignment between the predicted amino acid 

sequence of the HH gene protein product (SEQ ID NO: 2) in comparison to RLA (rabbit 
leukocyte antigen) (SEQ ID NO:22) and an MHC Class I protein (SEQ ID NO:23). The 
dots above certain amino acids correspond to conservative amino acid residue differences, 
i.e., glycine for alanine, valine for isoleucine for leucine, aspartic acid for glutamic acid, 

10 asparagine for glutamine, serine for threonine, lysine for arginine, and phenylalanine for 
tyrosine, or the reverse. 

Figure 8 is a schematic diagram showing the association between an HLA 
molecule and j8-2-microglobulin highlighting the homologous positions of the three base- 
pair changes that have been found in die predicted HH gene protein product. 

15 Figure 9 shows the oligonucleotide sequences used for amplification (SEQ 

ID NOS:24 and 25) and OLA determination (SEQ ID NO:26, 27 and 28) of the 24dl 
gene mutation of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
20 1. Definitions 

As used herein, the term "random chromosomes" refers to chromosomes 
from randomly chosen individuals who are not known to be affected with HH. Similarly, 
the term "unaffected individuals" refers to individuals who are not known to be affected 
with HH. The term "affected chromosomes" as used herein refers to chromosomes from 

25 individuals who have been diagnosed as having HH as determined by hepatic iron index 
and liver biopsy. Similarly, the term "affected individuals" refers to individuals who 
have been diagnosed as having HH. 

As used herein, "marker" refers to a DNA sequence polymorphism flanked 
by unique regions. These regions flanking the "marker" can be utilized for the design 

30 and constmction of oligonucleotides for amplifying the relevant DNA portions and 
detecting the polymorphisms therein. 
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The term "HH disease" refers to hereditary hemochromatosis disease. The 
criteria utilized herein to assess whether a patient is affected with the HH disease (i.e., 
whether the patient is an "affected individual" having "affected chromosomes") has been 
established by the diagnostic criteria set out in Crawford et al. Am J Hum Genet 57:362- 
5 367 (1995) where at least two of the following four criteria were met: (i) liver biopsy 
showing HIC greater than 4660 micrograms/gram of liver, (ii) HII greater than or equal 
to 2.0, (iii) Perl stain of 3 or greater, or (iv) greater than 4 grams of iron removed by 
phlebotomy (greater than 16 therapeutic phlebotomies). 

"HH gene" as used herein refers to a gene whose mutated forms are 
10 associated with HH disease. This definition includes various sequence polymorphisms, 

mutations, and/or sequence variants wherein nucleotide substitutions in the gene sequence 
5 do not affect the function of the gene product. Generally, the HH gene is found on 
] Chromosome 6 and includes the DNA sequences shown in Figures 3 and 4 and all 
; functional equivalents. The term "HH gene" includes not only coding sequences but also 
ll5 regulatory regions such as promoter, enhancer, and terminator regions. The term further 
includes all introns and other DNA sequences spliced from the final HH gene RNA 
transcript. Further, the term includes the coding sequences as well as the non-functional 
sequences found in non-human species. All DNA sequences provided herein are 
understood to include complementary strands unless otherwise noted. It is understood 
20 that an oligonucleotide may be selected from either strand of the HH genomic or cDNA 
sequences. Furthermore, RNA equivalents can be prepared by substituting uracil for 
thymine, and are included in the scope of this definition, along with RNA copies of the 
DNA sequences of the invention isolated from cells. The oligonucleotide of the invention 
can be modified by the addition of peptides, labels, and other chemical moieties and are 
25 understood to be included in the scope of this definition. 

The terms "HH protein" and "HH gene product" refer to MHC Class I-like 
molecules encoded by the HH gene. The term includes protein as isolated from human 
and animal sources, produced by enzymatic or chemical means, or through recombinant 
expression in an organism. The term further includes "normal" and "wild-type" forms of 
30 the protein and mutant forms of the protein that are responsible or involved in HH 
disease. Encompassed within this definition are forms of the protein including 
polymorphic forms of the protein in which the amino acid changes do not affect the 
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essential functioning of the protein in its role as either "normal" or "wild-type" or mutant 
forms of the protein. 

"Ancestral DNA" as used herein refers to DNA that is inherited in 
unchanged form through multiple generations. Such DNA is sometimes referred to herein 
5 as DNA that is "identical by descent." 

The term "ancestral mutation" as used herein refers to the disease causing 
mutation inherited through multiple generations, 

II. Introduction to HH Gene Discovery 

10 Through the analysis of affected chromosomes as compared to random 

chromosomes, in accordance with the present invention, we have identified, isolated, and 
sequenced the cDNA corresponding to the normal and mutant HH gene (Feder, J.N. et 
al.. Nature Genetics 13:399-408(1996). In addition, we have sequenced the cDNA 
corresponding to the gene's mRNA and have predicted the gene's protein product. 

15 The HH disease gene is a novel gene on Chromosome 6 having significant 

sequence homology with HLA Class I genes. Interestingly, however, the gene is located 
at significant distance telomeric (approximately 4 Mbp) from the HLA Class I gene 
cluster on Chromosome 6. A single mutation in the gene appears responsible for the 
majority of HH disease. The mutation comprises a single nucleotide substitution of 

20 Guanine (G) to Adenine (A), where Guanine (G) is present in the unaffected DNA 
sequence and Adenine (A) is present in the affected DNA sequence. This mutation, 
referred to herein as 24dl, is illustnited in two partial sequences from the genomic DNA 
of the HH gene below and represented by SEQ ID NO:29 (unaffected) and SEQ ID 
NO:30 (affected): 

25 24dl Unaffected Sequence : 

5'-GGAAGAGCAGAGATATACGtGcCAGGTGGAGCACCCAGG-3' (SEQ ID NO:29) 
24dl Affected Sequence : 

5'-GGAAGAGCAGAGATATACGtAcCAGGTGGAGCACCCAGG-3' (SEQ ID NO:30) 

The G to A mutation at 24dl is present in approximately 86% of all 
30 affected chromosomes and in only 4% of unaffected chromosomes, exemplifying its 
enrichment in the affected chromosomes. 
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As will be discussed in greater detail below, several factors provide a 
compelling conclusion that the above-mentioned gene of the present invention is in fact 
the HH gene, and that the 24dl mutation is responsible for the majority of cases of HH 
disease. First, die location of the gene on Chromosome 6, in relative proximity to die 

5 HLA region, is the predicted location based on linkage disequilibrium mapping studies 
and haplotype analysis. Second, recent evidence demonstrated that i3-2-microglobulin 
knock-out mice developed symptoms of iron overload disease. The predicted amino acid 
sequence of the gene product of the present invention possesses significant homology to 
HLA Class I molecules which are known to interact witii i8-2-microglobulin. Third, the 

10 principal mutation (24dl) causes a marked amino acid change (cys --> tyr) at a critical 
disulfide bridge held in common with HLA Class I proteins that is important to the 
secondary structure of such protein products. Changes affecting the disulfide bridge in 
HLA Class I molecules have been shown to prevent or minimize presentation of the 
protein on cell surfaces. Further, such amino acid changes would appear to substantially 

15 modify the manner in which the protein could associate or interact with ^-2- 

microglobulin. Fourth, the 24dl mutation is present in over 87% of HH patients while 
only present in 4% of random individuals, consistent with estimates of the frequency of 
the ancestral HH mutation in patients and the carrier frequency in random individuals. 

20 A, Discovery of the HH Gene 

1. Strategy 

In order to identify the HH gene, we set out to determine allelic association 
patterns between known markers and die HH locus in the HLA region of Chromosome 6. 
Based upon this data, we generated physical clone coverage extending from D6S265, 
25 which is a marker diat is centromeric of HLA-A, in a telomeric direction dirough 
D6S276, a marker at which die allelic association was no longer observed. 

2. Allelic Association 

As mentioned above, it is believed that there was a common ancestor who 
30 possessed a distinct DNA sequence within whose genome the conunon or ancestral HH 
mutation occurred. It appears that approxunately 87% of the patients today are 
descendants of this disease founding individual and thus share the common mutation. As 
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will be appreciated, through the generations, chromosomes undergo genetic recombination 
during meiosis. Both genetic linkage mapping and disequilibrium mapping take advantage 
of this natural process to narrow and define the location of the disease causing gene. The 
smaller the distance between a disease locus and a genetic marker, the less likely that a 

5 recombination event will occur between them. Thus, as genetic markers are tested in a 
population of HH patients the markers closest to the disease locus will tend more often to 
have the allele that was present on the ancestral chromosome, while others, farther away, 
will tend to have different alleles brought in by genetic recombination. Our strategy for 
identifying the HH gene, and the mutation(s) responsible for the HH disease, exploited 

10 this phenomenon by first reconstructing the haplotype of the founding or ancestral 

chromosome spanning an 8Mb region. Secondly, we determined the minimal HH region 
that is "identical by descent" or shared in the chromosomes in our sample of HH patients. 

The approach is shown in Figure 2 where areas of ancestral sequence that 
is "identical by descent" are indicated in shade and areas of non-identity are unmarked. 

15 Particular markers are shown at the top of the Figure. 

Towards the goal of identifying the HH gene, we undertook this type of 
strategy. Owing to the published allelic association of the HH gene with the HLA region, 
we directed our initial efforts to this region of Chromosome 6. Existing genetic markers 
were tested for association with the HH gene. Because of the foimder or ancestral effect, 

20 described above, we expected that markers closer to the HH gene would display a greater 
degree of allelic association. Based upon this initial data we designed a strategy to 
develop markers over a 8Mb region extending telomeric from HLA-A. 

The markers were generally developed by cloning random pieces of 
genomic DNA, known to represent this region of the chromosome as described in the 

25 next section and as shown in Figure 1. The clones containing CA repeat elements were 
identified by hybridization and their sequences determined. The sequence information was 
used to design primers within the unique DNA flanking the CA repeat, for use in PGR. 
If the CA repeat proved to be polymorphic in a random sample of chromosomes, then the 
markers were assayed in HH patients. In this effort 46 CA microsatellite markers 

30 covering approximately 8Mb, were identified and scored in our patients. We detected the 
pattern of overlapping ancestral DNA present on patient chromosomes as depicted in 
Figure 2. As will be appreciated, the minimal area of DNA that is "identical by descent" 
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on all the ancestral HH chromosomes is between, but not including, markers 241-29 and 
63-3, surrounding marker 241-5. This is the region within which the HH gene must lie 
and where we conducted our search for the gene as described below. 

5 3. Physical Mapping 

Primary clone coverage of the genomic region telomeric of the MHC locus 
on Chromosome 6p was obtained by assembling an overlapping set of YAC clones that 
span the region between D6S265 and D6S276. Initial YAC contigs were seeded by 
screening the CEPH Mega YAC library for the sequence tag sites (STSs) D6S258, 

10 D6S306, D6S105, D6S464 and D6S276. Additional YACs containing these STSs were 
identified in the CEPH and the MIT/Whitehead databases. The three initial YAC contigs 
were expanded and eventually merged into a single contig by bidirectional walking using 
STSs developed from the ends of YAC inserts. An STS-content map comprising 64 STSs 
and 44 YACs across the HH region was constructed. In order to determine precise 

15 physical distances, a set of 14 YACs were selected for RARE-cleavage mapping (Gnirke 
et al. Genomics 24:199-210 (1994)) and the construction of the distance-calibrated 
YAC-contig and STS content maps which are shown in Figure 1. 

Bacterial clones were identified by PCR-based and hybridization-based 
screening of comprehensive human cosmid, pi, BAC, and PAC libraries. Figure 1 also 

20 shows the bacterial clone contig across approximately 1 Mbp of genomic DNA that 

includes the region represented by YAC 241. The STS-content map indicating the STS 
and clone order is depicted in Figure 1. YACs, BACs, PACs and PI clones are denoted 
by the suffices y, b, pc and p, respectively. 

In Figure 1, the markers are characterized as follows: D6S248 (Orphanos, 

25 V. et al. Hum Mol Genet 2:2196 (1993)); D6S258, D6S265, D6S276, D6S306, D6S464 
(Gyapay, G. et al. Namre Genetics 7:246-339 (1994)); 258-2, G4, HHp61, HHp89, 
HLA-A, H241-4, H241-6, H4073-3, RFP (Unpublished STS's to genomic DNA 
developed by the Assignee of the present application.); D6S1281, P6116 (Murray, J.C. et 
al. Science 265:2049-2054 (1994)); HLA-F (FuUan, A. and Thomas, W. Hum Molec 

30 Genet. 3:2266 (1994)); MOG (Roth, M-P. et al. Genomics 28:241-250 (1995)); 1A2, 

1E.4, 2B8. 18B4, 19D9, 24E.2, 63-1, 63-3. 3321-1, 4073-1, HB63-2, HB65-1, HB65-2, 
HB68-1, HB373-8, H241-5, H241-29, H731-1. H950-1, H950-2. H950-3, H950-4, H950- 
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6, H950-8, H3216-1, H4072-2, H4440-1, H4440-2, H5091-1 (CA repeats described in 
co-pending U.S. Patent Application Serial No.08/599,252, filed February 9, 1996, which 
is a continuation-in-part of U.S. Patent Application Serial No. 08/559,302, filed 
November 15, 1995, which is a continuation-in-part of U.S. Patent Application Serial No. 

5 08/436,074, filed May 8, 1995, the disclosures of which are hereby incorporated by 
reference in their entirety.); D6S1001 (Stone, C. et al. Hum Molec Genet 3:2043-2046 
(1994)); D6S105 (Weber, J.L. et al. Nucl. Acids Res. 19:968 (1991)). 

The markers indicated at the top of Figure 2 are those that are labeled with 
asterisks in Figure 1. Other than marker 24dl, all of the markers indicated (i.e., 241-4, 

10 96-1, 65-2, 65-1, 241-6, 241-29, 241-5, 63-3, 63-1, 63-2, 373-8, and 373-29) are CA 
repeat markers. The numbers indicated in the chart with respect to the CA repeat 
markers refers to the size of the allele upon PGR amplification and sizing of the resulting 
product on acrylamide gels. The 24dl marker, as discussed above, is a single base-pair 
mutation as represented by the G to A base substitution that is present in affected 

15 chromosomes as illustrated in SEQ ID NO:29 and SEQ ID NO:30. The results of 

genotyping for each of the two chromosomes from the patients are indicated. DNA that 
is identical by descent is indicated by shading. 

As will be appreciated, eight patient haplotypes displayed evidence of 
recombination events delineating the minimal HH region. The tract of DNA that is 

20 "identical by descent" on all of the ancestral HH chromosomes is between, but not 

including, markers 241-29 and 63-3, Genomic sequencing has determined this region to 
be approximately 250 Kb in size. This region includes markers 241-5 and 24dl. For 
definition of telomeric and centromeric boundaries, see Figure 2, Patient HC75 and 
Patients HC2, HC22, HC50, HC87, HC91, HC125, and HC143. 

25 

4. Identification of cDNA 24 

Based upon allelic association data, we delineated a region encompassed by 
YAC 241 as the region most likely to contain the HH gene. As one of our approaches to 
identify genes within the HH region, direct selection experiments were performed on 
30 YAC 241. Morgan, J.G. et al. Nucl Acids Res 20:5173-5179 (1992). 

Briefly, YAC DNA was isolated by pulse-field gel electrophoresis, digested 
with Mbo I and linkers ligated to the resulting fragments. The DNA was dien amplified 
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by PGR using primers containing biotin on their 5' end. Similarly, cDNA was prepared 
from poly A+ RNA from fetal brain, small intestine and liver, digested with Mbo I, 
linkers ligated and amplified by PGR. The cDNA was 'blocked' widi DNA clones 
representing human ribosomal RNA, histone genes as well as with repetitive DNA (Got-1, 
5 Gibco). 

Two rounds of solution hybridization were carried out to the prescribed 
value of Got 100. The DNA fragments were cloned into pSP72 and sequenced. Four 
hundred and sixty-five clones were sequenced and arranged into 162 overlapping contigs, 
referred to herein as DS clones. 

10 Representative DS clone sequences from each contig were searched against 

the public databases (NGBI) and interesting homologies were noted. One in particular, 
known as DS34 showed convincing homology to MHG Glass I protein encoding genes. 
Small STSs were designed from each of the 162 contigs and the contigs were mapped in 
relation to the existing STS content map of the region. 

15 Glones that mapped to the delineated minimal HH region of YAG 241 were 

given priority for further analysis. In conjunction with its homology to MHG Glass I 
genes, DS34 mapped within our minimal region, and thus was considered a candidate for 
the HH gene. The STSs were subsequently used to determine which cDNA library was 
appropriate for obtaining full length cDNA clones. 

20 Three directionally cloned plasmid-based cDNA libraries were employed 

(Gibco); brain, liver and testis. It was discovered that DS34 was present in all three 
libraries. Subsequently, DS34 was random primer labeled and used to screen colony lifts 
of cDNA libraries using standard procedures. Three clones were obtained from the testis 
library. The largest of these, 2.7 Kb, was designated cDNA24 and was sequenced 

25 completely on both strands. 

5. Mutation Analysis of cDNA24 

The candidate gene encompassed in cDNA24 was analyzed to detect 
mutations in the HH affected chromosomes as compared to unaffected chromosomes. 
30 In connection with this work, patient DNA and RNA was obtained as 

follows. Lymphoblastoid cell lines from random and HH affected individuals were 
established by transformation of peripheral blood mononuclear cells with Epstein-Barr 
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Virus. Chromosomal DNA was purified from these ceils by standard methods (Maniatis et 
al. Molecular Cloning - A Laboratory Manual (2nd Ed., Cold Spring Harbor Laboratory 
Press, New York (1989))). Poly A + RNA was purified using Fast Track (Invitrogen). 

Mutation analysis was accomplished as follows. Initial searching for the 
HH mutation in cDNA24 was accomplished through RT-PCR (reverse 
\ transcription-polymerase chain rea*slion, Dracopoli, N. et al. eds. Current Protocols in 
Human Genetics (J. Wiley & Sons, New York (1994)) method. First, from the genotype 
analysis, homozygous HH patients with\he ancestral haplotype were identified (see 
previous sections). First strand cDNAs wek^ynthesized through use of Superscript 
10 reverse transcriptase (Life Technologies) using p€tlyA+ RNA from transformed 

lymphoblastoid cell lines from two homozygous ancestral patients (HC9 and HC14) and 
those from two unaffected individuals (NY8 and CEPH ri^40) as templates. 

From these first strand cDNAs, coding regions corresponding to the 
CDNA24 sequence were amplified into three overlapping PGR products (designated herein 
15 as A, B, and C) to facilitate efficient amplification and sequencing. A nested set of 
primers were used to increase specificity in generating the three products. The primers 
utilized are shown in Table 1 : 

TABLE 1 



20 



25 



PGR 
Product 


Name 


Primer Set for 1st Nested PGR 


Name 


Primer Set for 2nd Nested PGR 


"A" 


P17 


5'-CAA AAG A AG COG AG A TTT AAG G-3' 


P19 


5'-AGA TTT AAG GGG GAG GTG G-3* 




P18 


5*- AG A GGT GAG ATG ATG TGT GAG C-3* 


P20 


5'-AGG AGG GAG TTG TTG GTG G-3' 


-B" 


P5 


5'-GTG AAA GGG TGG GAT CAC AT-3' 


P7 


5*-AAA ATC AGA AGG AGA GGA AAG-3* 




P6 


5*-CAA GGA GTT GGT GAG GGA AT-3* 


P8 


5'-TTG GGA GAG TGA GTG TGG AG-3* 


"C" 


P9 


5*-CAA TGG GGA TGG GAG CTA C-3* 


PI I 


5'-ATA TAG GTG GGA GGT GGA GG-3' 




PIO 


5'-GGT GTT GAG AAG GGG TTT GA-3' 


P12 


5'-GAT AGG TGT GGA ACT GAG ATG A-3' 



P17 (SEQ ID NO:3I); PI9 (SEQ ID NO:32); P18 (SEQ ID NO:33); P20 (SEQ ID NO:34), P5 (SEQ ID NO:l8): P7 (SEQ ID NO:35): P6 (SEQ ID 
30 N0:19); P8 (SEQ ID NO:36); P9 (SEQ ID NO:37); Pll (SEQ ID NO:38); PIO (SEQ ID NO:39); and P12 (SEQ ID NO:40). 



Amplified DNA products (PCR-products) were purified using gelase 
jxfi// (Epicentre), and DNA sequen^s of these PCR-fragments were determined by the dideoxy 
35 chain termination method using tluorescently labeled dideoxy nucleotides on an ABI 377 
DNA sequencer. \ 
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Comparison of DNA sequences derived from these PCR-fragments 
identified a single nucleotide change in the cDNA24 coding region as represented by SEQ 
ID NO:29 and SEQ ID NO: 30 at nucleotide 845. (Note, the first nucleotide of the open 
reading frame was counted as nucleotide 1. See Figure 4). The nucleotide at this 
5 position in two unaffected individuals was a while two HH affected individuals had an 
A at this position. 

This mutation was designated as 24dl. The allele containing a G at this 
position was named as 24dl(G) and the allele containing an A in this position was named 
24dl(A). The mutation causes an amino acid change from a cysteine (Cys282) to a 

10 tyrosine. This cysteine residue is conserved in all the known Class I MHC molecules and 
contributes a sulfur to the formation of a disulfide bridge that is present in the 
immunoglobulin constant region like domain (Ig domain, Gussow et al. Immunogenetics 
25:313-322 (1987); Bjorkman and Parham Ann Rev Biochem 59:253 (1990)). In the case 
of Class I MHC molecules, it has been shown that a similar change in the reciprocal 

15 cysteine involved in the disulfide bridge abolishes the function of the protein by causing a 
defect in cell surface expression (Miyazaki et al. Proc. Natl. Acad. Sci. U.S.A. 83:757- 
761 (1986)). Thus, due to the high degree of conservation seen in the structure, it is 
likely that the 24dl mutation would interfere with the function of cDNA 24 protein 
products. 

20 The genomic sequence surrounding the 24dl mutation is provided in SEQ 

ID NO:29 (unaffected 24dl(G) allele) and SEQ ID NO:30 (affected 24dl(A) allele). 

The frequency of the mutant 24dl(A) allele and the normal 24dl(G) allele 
was determined in random chromosomes and affected chromosomes through use of an 
oligonucleotide ligation assay (OLA assay). See Nickerson et al. Proc. Natl. Acad. Sci. 

25 U.S.A. 87:8923-8927 (1990). Chromosomal DNA from tiiese individuals was prepared 
from either a lymphoblastoid cell line or peripheral blood cells. First, DNA 
corresponding to exon 4 was amplified by PCR using primers designed against intron 
DNA sequences flanking exon 4. See Figure 6 which provides the precise location of the 
sequences used for primer design. The presence of the 24dl(A) allele or the 24dl(G) 

30 allele was determined by OLA using the oligonucleotides outlined in Figure 5. Figure 5 
shows the sequences of preferred primers used for amplification and analysis of the above 
base mutation. The amplification primers for 24dl are labeled 24dl.Pl (SEQ ID NO: 13) 



28 

and 24dl.P2 (SEQ ID NO: 14). The oligonucleotides used in the sequence determination 
by OLA for 24dl are designated 24dl.A (SEQ ID NO:15), 24dl.B (SEQ ID NO:16), and 
24dl.X (SEQ ID NO: 17). As indicated in the sequences shown, "bio" indicates biotin 
coupling, "p" indicates 5 '-phosphate, and "dig" indicates coupled digoxigenin. 
5 The result from this OLA assay with 164 HH affected individuals and 134 

unaffected random individuals is shown in Table 2. 

TABLE 2 



Frequencies of Alleles as % of Chromosomes Tested 




Affected Chromosomes 
(N=328) 


Random Chromosomes 
(N=268) 


24dl "A" 


86% 


4% 


24dl "G" 


14% 


96% 



The 24dl(A) mutation occurs in 86% of the chromosomes from HH 
affected individuals (affected chromosomes) as compared to 4% in the chromosomes from 

15 random individuals (random chromosomes). This approximates the estimated frequency 
of the ancestral HH mutation in the general population. Among these 164 affected 
individuals, 137 were homozygous for the 24dl(A) allele and 9 were heterozygous for the 
24dl(A) and the 24dl(G) alleles, while the remaining 18 were homozygous for the 
24dl(G) allele. The distribution of homozygotes and heterozygotes for the 24dl alleles 

20 significantly deviates from that expected by Hardy-Weinberg equilibrium, suggesting the 
possibility of either mutant alleles that complement one another or genetic heterogeneity. 
Regardless of this fact, 24dl homozygosity provides identification of 84% of HH patients 
in our sample. 

In addition to the 24dl mutation, other sequence variants were also detected 
25 within certain subpopulations of patients. In this regard, sequence analysis of the 
cDNA24 gene was extended to the remaining individuals who are either 24dl(G) 
homozygotes or 24dl(A)/24dl(G) heterozygotes. Eighteen 24dl(G) homozygous HH 
patient and nine 24dl heterozygotes patients were analyzed. All the exons that contain 
the CDNA24 open reading frame were amplified from these individuals through the use of 
30 PGR primers directed against introns and exons. DNA sequences of these PGR products 
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were determined by dideoxy chain termination methods. This analysis identified two 
additional sequence variants (24d2 and 24d7) in the coding region of cDNA24. 

The first additional variant, 24d2, occurs at nucleotide 187. (Note, the 
first nucleotide of the open reading frame was counted as nucleotide 1. See Figure 4). 
5 The two alleles of this variant are 24d2(C) (C at this position) and 24d2(G) (G at this 
position). CDNA24 as well as NY8 and CEPH 11840 were homozygous for the 24d2(C) 
allele, while DNAs from some patients (HC74, HC82 and others) were 24d2(C)/24d2(G) 
heterozygous. The 24d2(C) allele encodes a histidine (His63) while 24d2(G) encodes an 
aspartic acid, thus creating an amino acid change in the presumed peptide binding domain 

10 of the protein product. As with 24dl, changes to certain amino acids in the peptide 
binding domains of MHC Class I proteins can also disrupt intracellular transport and 
assembly (Salter, Immunogenetics 39:266-271 (1994)). 

The genomic sequence surrounding the variant for 24d2(C) and 24d2(G) is 
provided below: 

15 24d2(a : 

AGCTGTTCGTGTTCTATGAtCaTGAGAGTCGCCGTGTGGA (SEQ id N0:41) 

24d2fG) : 

AGCTGTTCGTGTTCTATGAtGaTGAGAGTCGCCGTGTGGA (SEQ id N0:42) 

The frequency of the 24d2 mutant allele versus the normal allele was 
20 determined through OLA as described above. The results from the OLA assays are 
shown in Table 3. 



TABLE 3 



Frequencies of Alleles as % of Chromosomes Tested 




Affected Chromosomes 
(N=328) 


Random Chromosomes 
(N=158) 


24d2 "C" 


95% 


82% 


24d2 "G" 


5% 


18% 



As shown in Table 3, the 24d2(G) allele occurs in 5% of the chromosomes 
from HH affected individuals (affected chromosomes) and in 18% of the chromosomes 
30 from random individuals (random chromosomes). The frequency of the 24d2(G) allele in 
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the patients was lower than that of random chromosomes because this allele was 
associated with some of the nonancestral chromosomes and the majority of the HH patient 
chromosomes were ancestral. The remainder of the chromosomes had the 24d2(C) allele. 
When one looks at the distribution of the 24d2(G) allele containing chromosomes within 
the patient population, one notices an enrichment of the 24d2(G) allele in 24dl 
heterozygotes. Eighty-nine percent or 8 out of 9 heterozygotes for 24dl have the 
24d2(G) allele as compared to the expected 18%. Thus, the 24d2(G) allele is enriched in 
24dl heterozygous patients indicating that the 24d2 mutation has a role in HH disease. 

A third nucleotide change was identified at nucleotide 193 in one patient 
(HC43) and was named 24d7. (Note, the first nucleotide of the open reading frame was 
counted as nucleotide 1. See Figure 4). All other patients analyzed, as well as random 
controls, including NY8 and CEPH 11840 had an allele 24d7(A) (A at this position), 
while HC43 was a 24d7(A)/24d7(T) heterozygote. The 24d7(A) allele encodes a serine 
(Ser65) while the 24d7(T) allele changes this to a cysteine codon, also within the 
presumed peptide binding domain of the cDNA 24 protein product. 

The genomic sequence surrounding the polymorphism for 24d7(A) and 
24d7(T) is provided below: 
24d7(A) : 

TGTTCTATGATGATGAgAgTCGCCGTGTGGAG (SEQ id NO:43) 

24d7GQ: 

TGTTCTATGATCATGAGTgTCGCCGTGTGGAG (SEQ ID NO:44) 

The frequency of the 24d7 mutant allele versus normal allele was 
determmed through OLA as described above. The results from the OLA assays are 
shown in Table 4. 

TABLE 4 



Frequencies of Alleles as % of Chromosomes Tested 




Affected Chromosomes 
(N=266) 


Random Chromosomes 
(N=156) 


24d7 "A" 


99.6% 


97% 


24d7 "T" 


0.4% 


3% 
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In Table 4, The 24d7(T) allele was observed in only one chromosome 
present in the patient sample (HC43) (0.4%) and present in four chromosomes from the 
unaffected individuals (3%). The presence of the 24d7(T) allele shows no increase in risk 
5 of acquiring HH and thus may only be a polymorphic variant within the population. 

B. Characterization of the HH Gene 
1. Sequence 

The complete sequence of cDNA24 (of which the coding region is shown 

10 in Figure 4) was used to search public databases (NCBI) for homology to known gene 
sequences using the BlastX search algorithm. Substantial homology to MHC Class I 
molecules from a variety of species was obtained. 

Next, the sequence was analyzed for the existence of open-reading frames 
(ORF's). The largest ORP, as shown in Figure 4, encodes a polypeptide of 348 amino 

15 acids with a predicted molecular mass of approximately 38 KD. As will be appreciated, 
the molecular weight/mass can vary due to possible substitutions or deletions of certain 
amino acid residues. In addition, the molecular weight/mass of the polypeptide can vary 
due to the addition of carbohydrate moieties and in connection with certain 
phosphorylation events and other post-translational modifications. The remainder of the 

20 cDNA, 1.4 Kb appears to be non-coding; one poly A addition site (AATAAA) is present 
20 bp upstream of the poly A tail (not shown in Figure 4). 

A search of translated public database (NCBI) using a six way translation 
of CDNA24 showed significant homology between cDNA 24 and previously cloned MHC 
proteins. The search revealed 39% identity and 58% similarity of the amino acid 

25 residues. Besides MHC Class I proteins, the HH gene product shows similarity to other 
proteins known to contain motifs related to the immunoglobulin constant region, such as 
j3-2-microglobulin and zinc-Q:-2-glycoprotein. See Bjorkman, P. and Parham, P. Ann Rev 
Biochem 59:253 (1990). A multiple sequence alignment was carried out between several 
MHC Class I proteins (Fig. 7). The results indicate that the homology between cDNA 24 

30 and MHC extends throughout the cDNA 24 protein, including the peptide-binding region, 
inmiunoglobulin-Iike region, transmembrane region and cytoplasmic region. Of particular 
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interest is the conservation of the position of several cysteine residues which function in 
protein folding via disulfide bonds. 

cDNA 24 tissue ^ression was determined by probing poly A + RNA 
|>^4^orthem blots (Clontech). One ni^r transcript of approxunately 4.4 Kb was observed 
5 in all of the 16 tissues tested includingNsmall intestine and liver. 

The genomic region corresponding to cDNA 24 was cloned and sequenced. 
CDNA 24 is comprised W apparently seven exons, covering approximately 11 Kb of 
sequence. The putative seventh exon is completely non-coding and contains one poly 
(A)+ addition signal. In theNregion of the predicted start site of transcription, there are 
no consensus CAAT or TATA^oxes, nor are there any start like jSGAP-like sequences 
recently suggested by Rothenberg\and Voland, supra (1996). One CpG island was found 
to overlap the first exon and extend\into the first intron. Within this island are the 
consensus cis-acting binding sites for\he transcription factors Spl (2 sites) and API (1 
site) (Mc Vector software, Oxford Molecular). The lack of any recognizable TATA boxes 
15 and the presence of Spl and AP2 bindings^sites is consistent with the low level of 
transcription associated with the gene. 




2. Structure/Function of the HH Gene Product 

The predicted translation product of cDNA 24, herein referred to as the 

20 HH gene and HH gene product or HH protein, was aligned to other MHC proteins for 
which there was a high degree of homology at the amino acid level (Figure 7). MHC 
Class I proteins are comprised of several distinct domains: peptide binding domains (al 
and q:2), inmiunoglobulin like domain (a3), a transmembrane region, and a small 
cytoplasmic portion. The HH gene product shows homology throughout all four of these 

25 domains. Further confirmation of the structural relationship between the HH gene 
product and MHC Class I molecules was obtained through analysis of the primary 
sequence using Mc Vector software (Oxford Molecular). 

The HH gene product is similar to MHC Class 1 molecules when 
comparing hydrophilicity, surface probability, and secondary structure. A conserved 

30 structural feature of Class 1 molecules is the presence of several intradomain disulfide 
bonds between positions Cys-101 and Cys-164 in the a2 helix and between Cys-203 and 
Cys-259 in the a3 helbc. This domain structure is conserved between all Class 1 
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molecules. The disulfide bond in the a3 helix forms the interface through which the 
molecule interacts with the j3-2-microglobulin protein, a protein which associates with 
MHC Class 1 molecules in the endoplasmic reticulum and functions as a molecular 
chaperone. 

5 The HH protein possesses all four cysteine residues in conserved positions 

common to MHC Class I molecules. This data indicates a structural relationship with 
MHC Class I Molecules and a potential interaction with iS-2-microglobulin (or a related 
protein) as well. 

It has been demonstrated that when the cysteine at position 203 is mutated, 

10 thus disrupting the disulfide bridge that is formed between Cys-203 and Cys-259, 
intracellular transport of the mutated protein is blocked. See Miyazaki et al. supra 
(1986). As will be appreciated, the mutation (24dl) of the present invention corresponds 
to the reciprocal cysteine (Cys-259; Cys-282 in the HH protein) in the disulfide bridge 
that was demonstrated by Miyazaki et al. to abolish intracellular transport. Thus, it is 

15 predicted that the 24dl mutation ablates expression of the HH protein on cell surfaces. 

Sequence studies of MHC Class I molecules have shown that these 
molecules are among the most polymorphic proteins known to date. The majority of this 
variation is located in the orl and q:2 domains of the molecule. In contrast, the HH gene 
product displays little polymorphism in this region. In this respect, the HH protein is 

20 more shnilar to the non-classical MHC class of protems which show little or no allelic 
variation. The functions of the non-classical MHC Class I proteins, such as HLA-E, F, 
and G proteins, are unknown, although HLA-G may play a role in maternal/fetal inunune 
interactions. Campbell, R.D. and Trousdale, J. Immunologv Today 14:349 (1993). 

Therefore, the HH protein appears to differ from MHC Class I molecules 

25 in one important respect. Although it has maintained all of the structural hallmarks of 
MHC Class I molecules, it does not appear to be polymorphic and has presumably 
evolved a different function. This function appears to be participation in the control of 
body iron levels, for example, through the direct binding of free iron, binding of other 
iron-bound proteins, or signaling involved in regulation of iron levels. Iron-bound 

30 proteins or other proteins involved in signaling could associate with the HH protein in a 
manner similar to iS-2-microglobulin or could be bound in the peptide-binding region of 
the protein. 
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In addition, the protein could exert its effects by indirectly regulating iron 
adsorption through intercellular signaling, i.e., T-cell activation and subsequent specific 
cell proliferation via cytokine release. Alternatively, the expression of the HH protein 
could be regulated by iron or cytokines. As such, its interaction with other signaling 

5 molecules or receptors, such as Tfr, would be modulated. Directly related to our 
discovery of the gene responsible for HH is the data of de Sousa et al. (Immun Lett 
39:105-111 (1994)). Analysis of previously constructed, iS-2-microglobulin knockout 
mice indicated that mice homozygous for the defect progressively accumulated iron in a 
manner indistinguishable from human hemochromatosis. These mice also mimic an 

10 additional phenotype observed in HH patients, an abnormally low number of CD8+ T 
cells. Therefore, j8-2-microglobulin knock-out mice possess two characteristics of human 
HH, iron loading of the internal organs and a defective T cell repertoire. Clearly, human 
)3-2-microglobulin which maps to Chromosome 15 is not responsible for HH. However, 
i3-2-microglobulin knock-out mice could phenocopy HH by preventing the associated 

15 murine HH homolog of cDNA 24 from assuming its functional structure and presentation 
on the surface of cells. 

An important link between the HH protein and iron metabolism has been 
demonstrated. One of the major mechanisms by which cells and tissues uptake iron is via 
receptor-mediated endocytosis of iron-loaded transferrin. Transferrin itself binds to cell 

20 surface receptors (transferrin receptors, Tfr) which are responsible for iron uptake. 

Transferrin receptors are regulated by a variety of physiologic stimuli including cytokines 
and iron. It has now been demonstrated that the HH protein interacts directly with the 
Tfr in the plasma membrane. Labeling of cell-surface proteins by biotinylation followed 
by immunoprecipitation with HH protein specific antibodies demonstrates that Tfr 

25 physically interacts with the HH protein. Co-inununoprecipitation experiments by first 
inmiunoprecipitating with HH protein antibodies followed by Western blotting with Tfr 
antibodies corroborates these results. In contrast, the HH protein containing the 24dl 
mutation fails to interact with the Tfr. The normal HH protein/Tfr interaction could 
regulate the activity of the Tfr to transport iron-bound transferrin either by change in 

30 receptor affinity, receptor number (including expression), or by a change in the rate of 
receptor internalization and recycling. The HH protein containing the 24dl mutation 
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would then lead to unregulated iron metabolism and HH disease by failing to interact with 
the Tfr and modulating its activity. 

Thus, the HH gene encodes a protein with striking sunilarity to MHC Class 
I proteins. The gene product has maintained a structural feature essential for proper and 
5 functional recognition of a chaperone protein ()3-2-microglobulin) whose disruption in 
mice causes a phenocopy of HH disease. The HH protein interacts with jS2-microglobulin 
and the Tfr and is expressed on the cell-surface. When mutated as in 24dl, the 
interactions with j82-microglobulin and Tfr are lost and the protein no longer is located on 
the cell-surface. 

10 

3. Protein Purification 

The HH protein can be purified by one of several methods which have been 
selected based upon the molecular properties revealed by its sequence and its homology to 
MHC Class I molecules. Since the molecule possesses properties of an integral 

15 membrane protein, i.e. contains a transmembrane domain, the protein must first be 

isolated from the membrane fraction of cells using detergent solubilization. A variety of 
detergents useful for this purpose are well known in the art. 

Once solubilized, the HH protein can be further purified by conventional 
affinity chromatography techniques. The conventional approaches of ion exchange, 

20 hydrophobic interaction, and/or organomercurial chromatographies can be utilized. These 
methodologies take advantage of natural features of the primary structure, such as: 
charged amino acid residues, hydrophobic transmembrane domains, and 
sulfhydryl-containing cysteine residues, respectively. In the affinity chromatography 
approach use is made of inmiunoaffinity ligands or of the proposed interaction of the HH 

25 protein with j8-2-microglobulin, calnexin or similar molecules. In the former, the affinity 
matrix consists of antibodies (polyclonal or monoclonal) specific to the HH protein 
coupled to an inert matrix. The production of antibodies specific to the HH protein are 
described in Section (III)(A)(3), entitled "Antibodies". In the latter method, various 
ligands which are proposed to specifically interact with the HH protein based on its 

30 homology with MHC Class I molecules could be immobilized on an inert matrix. For 
example, i3-2-microglobulin, i3-2-microglobulin-like molecules, or other specific proteins 
such as calnexin or calnexin-like molecules, and the like, or portions and/or fragments 
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thereof, can be utilized. General methods for preparation and use of affinity matrices are 
well known in the art. 

Criteria for the determination of the purity of the HH protein include those 
standard to the field of protein chemistry. These include N-terminal amino acid 
5 determination, one and two-dimensional polyacrylamide gel electrophoresis, and silver 
staining. The purified protein is useful for use in studies related to the determination of 
secondary and tertiary structure, as aid in drug design, and for in vitro study of the 
biological function of the molecule. 

10 III. A pplications 

A. HH Screening 

With knowledge of the primary mutation of the HH gene as disclosed 
herein, screening for presymptomatic homozygotes, including prenatal diagnosis, and 
screening for heterozygotes can be readily carried out. 

15 

1. General 

There are at least four levels at which the diagnostic information from the 
HH gene can be used. The first is to assist in the medical diagnosis of a symptomatic 
patient. In this application, a patient with a high index of suspicion for being affected 

20 with HH could be tested with the gene-based diagnostic. A positive result would show 
that the individual was homozygous for the common HH mutation. This would provide 
a rapid and non-invasive confirmation that the individual corresponded to the fraction of 
the population homozygous for this mutation. Such a result would help rule out other 
causes of iron overload in that individual. In the case of a heterozygote or compound 

25 heterozygote for 24dl and 24d2, this individual may also be affected with HH. 

The second level of application would be in first degree relatives of newly 
diagnosed probands. Currently recommended medical practice is to screen all such first 
degree relatives, as they are at a higher risk for disease and, if identified, could benefit 
from therapeutic intervention. 

30 The third level of screening would be in individuals afflicted with diseases 

that are known to be sequelae of HH disease. Such diseases include cirrhosis of the liver, 
diabetes, arthritis, reproductive dysfunction, and heart disease. It has been estimated, for 
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example, that as many as 1% of individuals with diabetes may be so afflicted because of 
HH disease. In addition, other conditions such as sporadic porphyria cutanea tarda can 
be screened for using an HH gene mutation diagnosis. When secondary to HH disease, 
some of the pathology of these diseases can be reversed upon phlebotomy therapy. 
5 Furthermore, it has been disclosed that the potential for hemochromatosis interferes with 
the effectiveness of interferon treatment of hepatitis C (Bacon, B. Abstracts of the Fifth 
Conference of the International Association for the Studv of Disorders of Iron Metabolism 
15-16 1995)). Therefore, it will be beneficial to perform screening with gene-based 
diagnostics in these disease populations. 
10 The fourth level of screening is to screen the general population for 

homozygotes and, potentially, heterozygotes. Several cost-benefit analyses have 
suggested that there is value in such screenings for the identification of presymptomatic 
individuals. Once identified, such individuals could be targeted for preventative 
phlebotomy or treatment with the therapeutic compositions of the invention. 

15 

2. Nucleic Acid Based Screening 

Individuals carrying mutations in the HH gene may be detected at either the 
DNA, the RNA, or the protein level using a variety of techniques that are well known in 
the art. The genomic DNA used for the diagnosis may be obtained from body cells, such 

20 as those present in peripheral blood, urine, saliva, bucca, surgical specimen, and autopsy 
specimens. The DNA may be used directly or may be amplified enzymatically in vitro 
through use of PGR (Saiki et al. Science 239:487-491 (1988)) or other in vitro 
amplification methods such as the ligase chain reaction (LCR) (Wu and Wallace 
Genomics 4:560-569 (1989)), strand displacement amplification (SDA) (Walker et al. 

25 Proc. Natl, Acad. Sci. U.S.A. 89:392-396 (1992)), self-sustained sequence replication 
(3SR) (Fahy et al. PGR Methods AdpI. 1:25-33 (1992)), prior to mutation analysis. The 
methodology for preparing nucleic acids in a form that is suitable for mutation detection 
is well known in the art. 

The detection of mutations in specific DNA sequences, such as the HH 

30 gene, can be accomplished by a variety of methods including, but not limited to, 

restriction-fragment-length-polymorphism detection based on allele-specific restriction- 
endonuclease cleavage (Kan and Dozy Lancet ii:910-912 (1978)), hybridization with 
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allele-specific oligonucleotide probes (Wallace et al. Nucl Acids Res 6:3543-3557 
(1978)), including immobilized oligonucleotides (Saiki et al. Proc. Natl. Acad. Sci. 
U.S.A. 86:6230-6234 (1989)) or oligonucleotide arrays (Maskos and Southern Nucl 
Acids Res 21:2269-2270 (1993)), allele-specific PGR (Newton et al. Nucl Acids Res 
5 17:2503-2516 (1989)), mismatch-repair detection (MRD) (Faham and Cox Genome Res 
5:474-482 (1995)), binding of MutS protein (Wagner et al. Nucl Acids Res 23:3944-3948 
(1995), denaturing-gradient gel electrophoresis (DGGE) (Fisher and Lerman et al. Proc. 
Natl. Acad, Sci. U.S.A. 80:1579-1583 (1983)), single-strand-conformation-polymorphism 
detection (Orita et al. Genomics 5:874-879 (1983)), RNAase cleavage at mismatched 

10 base-pairs (Myers et al. Science 230:1242 (1985)), chemical (Cotton et al. Proc. Natl. 
Acad. Sci. U.S.A. 85:4397-4401 (1988)) or enzymatic (Youil et al. Proc. Natl. Acad. 
Sci. U.S.A. 92:87-91 (1995)) cleavage of heteroduplex DNA, methods based on allele 
specific primer extension (Syvanen et al. Genomics 8:684-692 (1990)), genetic bit 
analysis (GBA) (Nikiforov et al. Nucl Acids Res 22:4167-4175 (1994)), the 

15 oligonucleotide-ligation assay (OLA) (Landegren et al. Science 241:1077 (1988)), the 
allele-specific ligation chain reaction (LCR) (Barrany Proc. Natl. Acad. Sci. U.S.A. 
88:189-193 (1991)), gap-LCR (Abravaya et al. Nucl Acids Res 23:675-682 (1995)), and 
radioactive and/or fluorescent DNA sequencing using standard procedures well known in 
the art. 

20 In addition to the genotype described above, as described in co-pending 

PCX application WO 96/35802 published November 14, 1996, genotypes characterized by 
the presence of the alleles 19D9:205; 18B4:235; 1A2:239; 1E4:271; 24E2:245; 2B8:206; 
3321-1:98 (denoted 3321-1:197 therein); 4073-1:182; 4440-1:180; 4440-2:139; 731- 
1:177; 5091-1:148; 3216-1:221; 4072-2:170 (denoted 4072-2:148 therein); 950-1:142; 

25 950-2:164; 950-3:165; 950-4:128; 950-6:151; 950-8:137; 63-1:151; 63-2:113; 63-3:169; 
65-1:206; 65-2:159; 68-1:167; 241-5:108; 241-29:113; 373-8:151; and 373-29:113, 
alleles D6S258:199, D6S265:122, D6S105:124, D6S306:238, D6S464:206; and 
D6S1001:180, and/or alleles associates with the HHP-1, the HHP-19 or HHP-29 single 
base-pair polymorphisms can also be used to assist in the identification of an individual 

30 whose genome contains the common HH mutation. For example, the assessing step can 
be performed by a process which comprises subjecting the DNA or RNA to amplification 
using oligonucleotide primers flanking the base-pair polymorphism 24dl and/or 24d2 and 
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oligonucleotide primers flanking at least one of the base-pair polymorphisms HHP-1, 
HHP-19, and HHP-29, oligonucleotide primers flanking at least one of the microsatellite 
repeat alleles, or oligonucleotide primers for any combination of polymorphisms or 
microsatellite repeat alleles thereof. 
5 Oligonucleotides useful in diagnostic assays are typically at least 8 

consecutive nucleotides in length, and may range upwards of 18 nucleotides in length. 
Such oligonucleotides can be derived from either the HH genomic or cDNA sequences. 
Preferred oligonucleotides of at least 8 nucleotides in length include 1-46, 48-123; 120- 
369; 365-394; 390-540; 538-646; 643-1004; 1001-1080; 1083-1109; 1106-1304; 1301- 

10 1366; 1363-1386; 1389-1514; 1516-1778; 1773-1917; 1921-2010; 2051-2146; 2154-2209; 
2234-2368; 2367-2422; 2420-2464; 2465-2491; 2488-2568; 2872-2901; 2902-2934; 2936- 
2954; 2449-3001; 3000-3042; 3420-3435; 3451-3708; 3703-3754; 3750-3770; 3774-3840; 
3840-3962; 3964-3978; 3974-3992; 3990-4157; 4153-4251; 4257-4282; 4284-4321; 4316- 
4333; 4337-4391; 4386-4400; 4398-4436; 4444-4547; 4572-4714; 4709-4777; 5165-5397; 

15 5394-6582; 5578-5696; 5691-5709; 5708-5773; 5773-5816; 5818-5849; 5889-6045; 6042- 
6075; 6073-6108; 6113-6133; 6150-6296; 6292-6354; 6356-6555; 6555-6575; 6575-6616; 
6620-6792; 6788-6917; 6913-7027; 7023-7061; 7056-7124; 7319-7507; 7882-8000; 7998- 
8072; 8073-8098; 9000-9037; 9486-9502; 9743-9811; 9808-9831; 9829-9866; 9862-9986; 
9983-10075; 10072-10091; 10091-10195; 10247-10263; 10262-10300; 10299-10448; 

20 10448-10539; 10547-10564; 10580-10612; 10608-10708; 10703-10721; 10716-10750; 
10749-10774; 10774-10800; and 10796-10825 of SEQ ID N0:1, 3, 5, or 7. 

Preferred oligonucleotides of at least 9 nucleotides in length include 1-47; 
47-124; 119-370; 364-395; 389-541; 537-647; 642-1005; 1000-1081; 1082-1110; 1105- 
1305; 1300-1367; 1362-1387; 1388-1515; 1515-1918; 1920-2011; 2050-2147; 2153-2210; 

25 2233-2369; 2366-2423; 2419-2465; 2464-2492; 2487-2569; 2871-2935; 2935-3002; 2999- 
3043; 3419-3436; 3450-3755; 3749-3771; 3773-3841; 3839-3963; 3963-3979; 3973-3993; 
3989-4158; 4152-4252; 4256-4283; 4283-4334; 4336-4401; 4397-4437; 4443-4548; 4571- 
4778; 5164-5398; 5393-5583; 5577-5710; 5707-5774; 5772-5817; 5817-5850; 5888-6046; 
6041-6076; 6072-6109; 6112-6134; 6149-6355; 6355-6556; 6554-6576; 6574-6793; 6787- 

30 7125; 7318-7508; 7881-8001; 7997-8073; 8072-8099; 8999-9038; 9485-9503; 9742-9812; 
9807-9832; 9828-9867; 9861-9987; 9982-10076; 10071-10092; 10090-10196; 10246- 
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10264; 10261-10301; 10298-10449; 10447-10540; 10546-10565; 10579-10751; 10748- 
10775; 10773-10801; and 10795-10825 of SEQ ID N0:1, 3, 5, or 7. 

Preferred oligonucleotides of at least 10 nucleotides in length include 1-48; 
46-125; 118-1006; 999-1082; 1081-1111; 1104-1306; 1299-1368; 1361-1388; 1387-1516; 
1514-1919; 1919-2012; 2049-2148; 2152-2211; 2232-2370 2365-2424; 2418-2466; 2463- 
2493; 2486-2570; 2870-2936; 2934-3003; 2998-3044; 3418-3437; 3449-3772; 3772-3842; 
3838-3964; 3962-3994; 3988-4284; 4282-4335; 4335-4402; 4396-4438; 4442-4549; 4570- 
4779; 5163-5711; 5706-5775; 5771-5818; 5816-5851; 5867-6047; 6040-6077; 6071-6110; 
6111-6135; 6148-6356; 6354-6577; 6573-7126; 7317-7509; 7880-8074; 8071-8100; 8998- 
9039; 9484-9504; 9741-9813; 9806-9833; 9827-9988; 9981-10093; 10089-10197; 10245- 
10265; 10260-10302; 10297-10450; 10446-10541; 10545-10566; 10578-10752; 10747- 
10776; and 10772-10825 of SEQ ID N0:1, 3, 5, or 7. 

Preferred oligonucleotides of at least 11 nucleotides in length include 1-49; 
45-1389; 1386-1517, 1513-1920; 1918-2013; 2048-2149; 2151-2212; 2231-2371; 2364- 
2425; 2417-2467; 2462-2571; 2869-2937; 2933-3004; 2997-3045; 3417-3438; 3448-3773; 
3771-3843; 3837-3965; 3961-3995; 3987-4285; 4281-4336; 4334-4403; 4395-4439; 4441- 
4550; 4569-4780; 5162-5712; 5705-5776; 5770-5819; 5815-5852; 5886-6111; 6100-6136; 
6147-6357; 6353-6578; 6572-7127; 7316-7510; 7879-8075; 8070-8101; 8997-9040; 9483- 
9505; 9740-10198; 10244-10266; 10257-10303; 10296-10451; 10445-10542; 10544- 
10567; 10577-10753; 10746-10777; and 10771-10825 of SEQ ID NO:l, 3, 5, or 7. 

Preferred oligonucleotides of at least 12 nucleotides in length include 1-50, 
44-1390; 1385-1518; 1512-1921; 1917-2014; 2047-2150; 2150-2213; 2230-2372; 2363- 
2468; 2461-2572; 2868-2938; 2932-3005; 2996-3046; 3416-3439; 3447-3774; 3770-3844; 
3836-3966; 3960-4286; 4280-4337; 4333-4440; 4440-4551; 4568-4781; 5161-5713; 5704- 
5777; 5669-5820; 5814-5853; 5885-6112; 6109-6137; 6146-6358; 6352-6579; 6571-7128; 
7315-7511; 7878-8076; 8069-8102; 8996-9041; 9482-9506; 9739-10199; 10243-10267; 
10256-10304; 10295-10452; 10444-10543; 10543-10566; 10576-10754; 10745-10778; and 
10770-10825 of SEQ ID NO:l, 3, 5, or 7. 

Preferred oligonucleotides of at least 13 nucleotides in length include 1-51; 
43-1391; 1384-1519; 1511-1922; 1916-2015; 2046-2151; 2149-2214; 2229-2469; 2460- 
2573; 2867-2939; 2931-3047; 3415-3440; 3446-3775; 3769-3845; 3835-3967; 3959-4287; 
4279-4338; 4332-4441; 4439-4552; 4567-4782; 5160-5778; 5668-5821; 5813-5854; 5884- 
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6113; 6108-6138; 6145-6359; 6351-6580; 6570-7129; 7314-7512; ISll-^Qll; 8068-8103; 

8995-9042; 9481-9507; 9738-10200; 10242-10453; 10443-10544; 10542-10567; 10575- 

10779; and 10769-10825 of SEQ ID NO:l, 3, 5, or 7. 

Preferred oligonucleotides of at least 14 nucleotides in length include 1-52; 
5 42-1392; 1383-1520; 1510-1923; 1915-2016; 2045-2152; 2148-2215; 2228-2574; 2866- 

2940; 2930-3048; 3414-3441; 3445-3776; 3768-3968; 3959-4288; 4278-4339; 4331-4442; 

4438-4553; 4566-4783; 5159-5822; 5812-5855; 5883-6114; 6107-6139; 6144-6360; 6350- 

6581; 6569-7130; 7313-7513; 7876-8078; 8067-8104; 8994-9043; 9480-9508; 9737- 

10201; 10241-10454; 10442-10545; 10541-10568; and 10574-10825 of SEQ ID NO:l, 3, 
10 5, or 7. Preferred oligonucleotides of at least 15 nucleotides in length include 1-53; 41- 

1393; 1382-1521; 1509-1924; 1914-2017; 2044-2153; 2147-2216; 2227-2575; 2865-2942; 

2929-3049; 3413-3442; 3444-3777; 3767-3969; 3958-4289; 4277-4340; 4330-4443; 4437- 

4554; 4565-4784; 5158-5823; 5811-5856; 5882-6115; 6106-6140; 6143-6361; 6349-7131; 

7312-7514; 7875-8105; 8993-9044; 9479-9509; 9736-10202; 10240-10546; 10540-10569; 
15 and 10573-10825 of SEQ ID NO:l, 3, 5, or 7. 

Preferred oligonucleotides of at least 16 nucleotides in length include 1- 

1394; 1381-1925; 1913-2018; 2043-2154; 2146-2217; 2226-2576; 2864-3050; 3412-3443; 

3443-3778; 3766-4341; 4329-4444; 4436-4555; 4564-4785; 5157-5857; 5881-6116; 6105- 

6141; 6142-7132; 7311-7515; 7874-8106; 8992-9045; 9478-9510; 9735-10203; 10239- 
20 10547; 10539-10570; and 10572-10825 of SEQ ID NO:l, 3, 5, or 7. 

Preferred oligonucleotides of at least 17 nucleotides in length include 1- 

1926; 1912-2019; 2042-2155; 2145-2218; 2225-2577; 2863-3051; 3411-3779; 3765-4342; 

4329-4445; 4435-4556; 4563-4786; 5156-5858; 5880-6117; 6104-6142; 6141-7133; 7310- 

7516; 7873-8107; 8991-9046; 9477-9511; 9734-10204; 10238-10548; 10538-10571; and 
25 10571-10825 of SEQ ID NO:l, 3, 5, or 7. 

Preferred oligonucleotides of at least 18 nucleotides in length include 1- 

2020; 2041-2156; 2144-2219; 2224-2578; 2862-3052; 3410-3780; 3764-4446; 4434-4557; 

4562-4787; 5155-5859; 5879-6118; 6103-6143; 6140-7134; 7309-7517; 7872-8108; 8990- 

9047; 9476-9512; 9733-10205; 10237-10549; 10537-10572; and 10570-10825 of SEQ ID 
30 NO:l, 3, 5, or 7. 

Preferred oligonucleotides of at least 8 nucleotides in length include 1-55; 

55-251; 250-306; 310-376; 380-498; 500-528; 516-543; 541-578; 573-592; 590-609; 611- 
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648; 642-660; 664-717; 712-727; 725-763; 772-828; 813-874; 872-928; 913-942; 940- 
998; 997-1046; 1054-1071; 1076-1116; 1115-1182; 1186-1207; 1440-1483; 1482-1620; 
2003-2055; 2057-2107; 2116-2200; and 2453-2469 of SEQ ID NO:9, 10, 11 or 12. 

Preferred oligonucleotides of at least 9 nucleotides in length include 1-56; 
5 54-252; 249-307; 309-377; 379-499; 499-529; 515-544; 540-579; 572-593; 589-610; 610- 
649; 641-661; 663-718; 711-728; 724-764; 771-829; 812-875; 871-929; 912-943; 939- 
999; 996-1047; 1053-1072; 1075-1117; 1114-1183; 1185-1208; 1439-1484; 1481-1629; 
2002-2056; 2056-2108; 2115-2201; and 2452-2470 of SEQ ID NO:9, 10, 11 or 12. 

Preferred oligonucleotides of at least 10 nucleotides in length include 1-57; 
10 53-253; 248-308; 308-378; 378-500; 498-530; 514-545; 539-580; 571-594; 588-611; 609- 
662; 662-729; 723-765; 770-876; 870-944; 938-1000; 995-1048; 1052-1073; 1074-1118; 
1113-1184; 1184-1209; 1438-1485; 1480-1630; 2001-2057; 2055-2109; 2114-2202; and 
2451-2471 of SEQ ID NO:9, 10, 11 or 12. 

Preferred oligonucleotides of at least 11 nucleotides in length include 1-58; 
15 52-254; 247-309; 307-379; 377-501; 497-531; 513-546; 538-595; 587-612; 608-663; 661- 
730; 722-766; 769-877; 869-1049; 1051-1074; 1073-1119; 1112-1185; 1183-1210; 1437- 
1486; 1479-1631; 2000-2058; 2054-2110; 2113-2203; and 2450-2472 of SEQ ID NO:9, 
10, 11 or 12. 

Preferred oligonucleotides of at least 12 nucleotides in length include 1- 
20 255; 246-310; 306-380; 376-502; 496-596; 586-613; 607-664; 660-767; 768-1050; 1050- 
1075; 072-1120; 1111-1186; 1182-1211; 1436-1487; 1478-1632; 1999-2059; 2053-2121; 
2112-2204; and 2449-2473 of SEQ ID NO:9, 10, 11 or 12. 

Preferred oligonucleotides of at least 13 nucleotides in length include 1- 
311; 305-381; 375-503; 495-614; 606-665; 659-768; 767-1051; 1049-1076; 1071-1121; 
25 1110-1187; 1181-1212; 1435-1633; 1998-2060; 2052-2205 and 2448-2474 of SEQ ID 
NO:9, 10, 11 or 12. 

Preferred oligonucleotides of at least 14 nucleotides in length include 1- 
312; 304-382; 374-504; 494-615; 605-666; 658-769; 766-1052; 1048-1077; 1070-1188; 
1180-1213; 1434-1634; 1997-2061; 2051-2206; and 2447-2475 of SEQ ID NO:9. 10, 11 
30 or 12. 

Preferred oligonucleotides of at least 15 nucleotides in length mclude 1- 
313; 303-383; 373-505; 493-616; 604-667; 657-770; 765-1053; 1047-1078; 1069-1189; 
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1179-1214; 1433-1635; 1996-2062; 2050-2207; and 2446-2476 of SEQ ID NO:9, 10, 11 
or 12. 

Preferred oligonucleotides of at least 16 nucleotides in length include 1- 
314; 302-384; 372-668; 656-771; 764-1054; 1046-1079; 1068-1190; 1178-1215; 1432- 
5 1636; 1995-2208; and 2445-2477 of SEQ ID N0:9, 10, 11 or 12. 

Preferred oligonucleotides of at least 17 nucleotides in length include 1- 
315; 301-385; 371-669; 655-772; 763-1055; 1045-1080; 1067-1191; 1177-1216; 1431- 
1637; 1994-2209; and 2444-2478 of SEQ ID NO:9, 10, 11 or 12. 

Preferred oligonucleotides of at least 18 nucleotides in length include 1- 
10 773; 762-1056; 1044-1081; 1066-1192; 1176-1217; 1430-1638; 1993-2210; and 2443- 
2479 of SEQ ID NO:9, 10, 11 or 12. 

Such preferred oligonucleotides can also be used as part of an 
oligonucleotide pair, wherein the second member of the pair is any oligonucleotide of at 
least 8 consecutive nucleotides selected from SEQ ID N0S:1, 3, 5, 7, 9, 10, 11, or 12. 
15 It will be appreciated that such preferred oligonucleotides can be a part of a 

kit for detecting polymorphisms in the HH gene, especially for the detection of 
polymorphisms in HH DNA or RNA in a patient sample. 

As will be appreciated, the mutation analysis may also be performed on 
samples of RNA by reverse transcription into cDNA therefrom. Furthermore, mutations 
20 may also be detected at the protein level using antibodies specific for the mutant and 

normal HH protein, respectively. It may also be possible to base an HH mutation assay 
on altered cellular or subcellular localization of the mutant form of the HH protein. 



3. Antibodies 

25 As mentioned above, antibodies can also be used for the screening of the 

presence of the HH gene, the mutant HH gene, and the protein products therefrom. In 
addition, antibodies are useful in a variety of other contexts in accordance with the 
present invention. As will be appreciated, antibodies can be raised against various 
epitopes of the HH protein. Such antibodies can be utilized for the diagnosis of HH and, 

30 in certain applications, targeting of affected tissues. 

Thus, in accordance with another aspect of the present invention a kit is 
provided that is suitable for use in screening and assaying for the presence of the HH 
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gene by an immunoassay through use of an antibody which specifically binds to a gene 
product of the HH gene in combination with a reagent for detecting the binding of the 
antibody to the gene product. 

Antibodies raised in accordance with the invention can also be utilized to 
provide extensive information on the characteristics of the protein and of the disease 
process and other valuable information which includes but is not limited to: 

1. Antibodies can be used for the inununostaining of cells and tissues 
to determine the precise localization of the protein. Inmiunofluorescence and 
inmiuno-electron microscopy techniques which are well known in the art can be 
used for this purpose. Defects in the HH gene or in other genes which cause an 
altered localization of the HH protein are expected to be localizable by this 
method. 

2. Antibodies to distinct isoforms of the HH protein (i.e., wild-type or 
mutant-specific antibodies) can be raised and used to detect the presence or 
absence of the wild-type or mutant gene products by inununoblotting (Western 
blotting) or other immunostaining methods. Such antibodies can also be utilized 
for therapeutic applications where, for example, binding to a mutant form of the 
HH protein reduces the consequences of the mutation. 

3. Antibodies can also be used as tools for affinity purification of HH 
protein. Methods such as immunoprecipitation or column chromatography using 
inmiobilized antibodies are well known in the art and are further described in 
Section (II)(B)(3), entitled "Protein Purification" herein. 

4. Inununoprecipitation with specific antibodies is useful in 
characterizing the biochemical properties of the HH protein. Modifications of the 
HH protein (i.e., phosphorylation, glycosylation, ubiquitization, and the like) can 
be detected through use of this method. Inununoprecipitation and Western blotting 
are also useful for the identification of associating molecules that are involved in 
signal transduction processes which regulate iron transport or other metabolic 
functions important in the HH disease process. 

5. Antibodies can also be utilized in connection with the isolation and 
characterization of tissues and cells which express HH protein. For example, HH 
protein expressing cells can be isolated from peripheral blood, bone marrow, liver. 
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and other tissues, or from cultured cells by fluorescence activated cell sorting 
(FACS) ("Antibodies" Cold Spring Harbor Press). Cells can be mixed with 
antibodies (primary antibodies) with or without conjugated dyes. If non- 
conjugated antibodies are used, a second dye-conjugated antibody (secondary 
antibody) which binds to the primary antibody can be added. This process allows 
the specific staining of cells or tissues which express the HH protein. 

Antibodies against the HH protein are prepared by several methods which 
include, but are not limited to: 

1. The potentially immunogenic domains of the protein are predicted 
from hydropathy and surface probability profiles. Then oligopeptides which span 
the predicted immunogenic sites are chemically synthesized. These oligopeptides 
can also be designed to contain the specific mutant amino acids to allow the 
detection of and discrimination between the mutant versus wild-type gene 
products. Rabbits or other animals are inununized with the synthesized 
oligopeptides coupled to a carrier such as KLH to produce anti-HH protein 
polyclonal antibodies. Alternatively, monoclonal antibodies can be produced 
against the synthesized oligopeptides using conventional techniques that are well 
known in the art ("Antibodies" Cold Spring Harbor Press). Both in vivo and in 
vitro immunization techniques can be used. For therapeutic applications, 
"humanized" monoclonal antibodies having human constant and variable regions 
are often preferred so as to minimize the inunune response of a patient against the 
antibody. Such antibodies can be generated by immunizing transgenic animals 
which contain human immunoglobulin genes. See Jakobovits et al. Ann NY Acad 
Sci 764:525-535 (1995). 

2. Antibodies can also be raised against expressed HH protein products 
from cells. Such expression products can include the full length expression 
product or parts or fragments thereof. Expression can be accomplished using 
conventional expression systems, such as bacterial, baculovirus, yeast, 
mammalian, and other overexpression systems using conventional recombinant 
DNA techniques. The proteins can be expressed as fiision proteins with a histidine 
tag, glutathione-S-transferase, or other moieties, or as nonfiised proteins. 
Expressed proteins can be purified using conventional protein purification methods 
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or affinity purification methods that are well known in the art. Purified proteins 
are used as immunogens to generate polyclonal or monoclonal antibodies using 
methods similar to those described above for the generation of antipeptide 
antibodies. 

5 In each of the techniques described above, once hybridoma cell lines are 

prepared, monoclonal antibodies can be made through conventional techniques of priming 
mice with pristane and interperitoneally injecting such mice with the hybrid cells to 
enable harvesting of the monoclonal antibodies from ascites fluid. 

In connection with synthetic and semi-synthetic antibodies, such terms are 
10 intended to cover antibody fragments, isotype switched antibodies, humanized antibodies 
(mouse-human, human-mouse, and the like), hybrids, antibodies having plural 
specificities, fully synthetic antibody-like molecules, and the like. 

B. Molecular Biolog y 

15 1. Expression Systems 

"Expression systems" refer to DNA sequences containing a desired coding 
sequence and control sequences in operable linkage, so that hosts transformed with these 
sequences are capable of producing the encoded proteins. In order to effect 
transformation, the expression system may be included on a vector; however, the relevant 

20 DNA may then also be integrated into the host chromosome. 

As used herein "cell", "cell line", and "cell culture" are used 
interchangeably and all such designations include progeny. Thus, "transformants" or 
"transformed cells" includes the primary subject cell and cultures derived therefrom 
without regard for the number of transfers. It is also understood that all progeny may not 

25 be precisely identical in DNA content, due to deliberate or inadvertent mutations. Mutant 
progeny which have the same functionality as screened for in the originally transformed 
cell, are included. Where distinct designations are intended, it will be clear from the 
context. 

In general terms, the production of a recombinant form of HH gene 
30 product typically involves the following: 

First a DNA encoding the mature (used here to include all normal and 
mutant forms of the proteins) protein, the preprotein, or a fusion of the HH protein to an 
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additional sequence cleavable under controlled conditions such as treatment with peptidase 
to give an active protein, is obtained. If the sequence is uninterrupted by introns it is 
suitable for expression in any host. If there are introns, expression is obtainable in 
mammalian or other eukaryotic systems capable of processing them. This sequence 
5 should be in excisable and recoverable form. The excised or recovered coding sequence 
is then placed in operable linkage with suitable control sequences in an expression vector. 
The construct is used to transform a suitable host, and the transformed host is cultured 
under selective conditions to effect the production of the recombinant HH protein. 
Optionally the HH protein is isolated from the medium or from the cells and purified as 

10 described in Section (II)(B)(3), entitled "Protein Purification". 

Each of the foregoing steps can be done in a variety of ways. For 
example, the desired coding sequences can be obtained by preparing suitable cDNA from 
cellular mRNA and manipulating the cDNA to obtain the complete sequence. 
Alternatively, genomic fragments may be obtained and used directly in appropriate hosts. 

15 The construction of expression vectors operable in a variety of hosts are made using 

appropriate replicons and control sequences, as set forth below. Suitable restriction sites 
can, if not normally available, be added to the ends of the coding sequence so as to 
provide an excisable gene to insert into these vectors. 

The control sequences, expression vectors, and transformation methods are 

20 dependent on the type of host cell used to express the gene. Generally, prokaryotic, 

yeast, insect, or manunalian cells are presently useful as hosts. Prokaryotic hosts are in 
general the most efficient and convenient for the production of recombinant proteins. 
However, eukaryotic cells, and, in particular, mammalian ceils, are often preferable 
because of their processing capacity and post-translational processing of human proteins. 

25 Prokaryotes most frequently are represented by various strains of E. coli. 

However, other microbial strains may also be used, such as Bacillus subtilis and various 
species of Pseudomonas or other bacterial strains. In such prokaryotic systems, plasmid 
or bacteriophage vectors which contain origins of replication and control sequences 
compatible with the host are used. A wide variety of vectors for many prokaryotes are 

30 known (Maniatis et al. Molecular Cloning: A Laboratorv Manual (Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY (1982)); Sambrook et al. Molecular Cloning: A 
Laboratorv Manual (Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1989)); 
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Meth. Enzvmology 68 (Academic Press, Orlando, Fla. (1979, 1983, 1987)); Pouwells et 
al. Cloning Vectors: A Laboratory Manual (Elsevier, Amsterdam (1987))). Commonly 
used prokaryotic control sequences which are defined herein to include promoters for 
transcription initiation, optionally with an operator, along with ribosome binding site 
sequences, include such commonly used promoters as the beta-lactamase (penicillinase) 
and lactose (lac) promoter systems, the tryptophan (trp) promoter system and the lambda 
derived PL promoter and N-gene ribosome binding, site, which has become useful as a 
portable control cassette (U.S. Patent No. 4,711,845). However, any available promoter 
system compatible with prokaryotes can be used (Maniatis et al. supra. (1982); Sambrook 
et al. supra. (1989); Meth. Enzvmology supra. (1979, 1983, 1987); Pouwells et al. 
supra. (1987)). 

In addition to bacteria, eukaryotic microbes, such as yeast, may also be 
used as hosts. Laboratory strain Saccharomyces cerevisiae or Baker's yeast, is most often 
used although other strains are commonly available. 

Vectors employing the 2 micron origin of replication and other plasmid 
vectors suitable for yeast expression are known (Maniatis et al. supra. (1982); Sambrook 
et al. supra. (1989); Meth. Enzvmology supra. (1979, 1983, 1987); Pouwells et al. 
supra. (1987)). Control sequences for yeast vectors include promoters for the synthesis 
of glycolytic enzymes. Additional promoters known in the art include the promoters for 
3-phosphoglycerate kinase, and those for other glycolytic enzymes, such as 
glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyravate decarboxylase, 
phosphofmctokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and glucokinase. 
Other promoters, which have the additional advantage of transcription controlled by 
growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochrome 
C, acid phosphatase, degradative enzymes associated with nitrogen metabolism, and 
enzymes responsible for maltose and galactose utilization. See Maniatis et al. supra. 
(1982); Sambrook et al. supra. (1989); Meth. Enzvmology supra. (1979, 1983, 1987); 
Pouwells et al. supra. (1987). It is also believed that terminator sequences at the 3' end 
of the coding sequences are desirable. Such terminators are found in the 3' untranslated 
region following the coding sequences in yeast-derived genes. Many of the useful vectors 
contain control sequences derived from the enolase gene containing plasmid peno46 or the 



49 

LEU2 gene obtained from Yepl3, however, any vector containing a yeast compatible 
promoter, origin of replication, and other control sequences is suitable (Maniatis et al. 
supra, (1982); Sambrook et al. supra, (1989); Meth. Enzvmologv supra. (1979, 1983, 
1987); Pouwells et al. supra. (1987)). 
5 It is also, of course, possible to express genes encoding polypeptides in 

eukaryotic host cell cultures derived from multicellular organisms (Cmz and Patterson 
Tissue Culture (Academic Press, Orlando (1973)); Meth. Enzvmologv supra. (1979); 
Freshney Culture of Animal Cells: A Manual of Basic Techniques (2d ed., Alan R. Liss, 
NY (1987))). Useful host cell lines include murine myelomas N51, VERO and HeT 
10 cells, SF9 or other insect cell lines, and Chinese hamster ovary (CHO) cells. Expression 
vectors for such cells ordinarily include promoters and control sequences compatible with 
mammalian cells such as, for example, the commonly used early and later promoters 
from Simian Virus 40 (SV 40), or other viral promoters such as those from polyoma, 
adenovirus 2, bovine papilloma vims, or avian sarcoma vimses, herpes viras family (such 
15 as cytomegalovims, herpes simplex vims, or Epstein-Barr vims), or inraiunoglobulin 
promoters and heat shock promoters (Maniatis et al. supra. (1982); Sambrook et al. 
supra. (1989); Meth. Enzvmologv supra. (1979, 1983, 1987); Pouwells et al. supra. 
(1987)). In addition, regulated promoters, such as metallothionine (i.e., MT-1 and MT- 
2), glucocorticoid, or antibiotic gene "switches" can be used. 
20 General aspects of mammalian cell host system transformations have been 

described by Axel (U.S. Patent No. 4,399,216). It now appears also that "enhancer" 
regions are important in optimizing transformation. Generally, "enhancer" regions are 
sequences found upstream of the promoter region. Origins of replication may be 
obtained, if needed, from viral sources. However, integration into the chromosome is a 
25 common mechanism for DNA replication in eukaryotes. Plant cells are also now 

available as hosts, and control sequences compatible with plant cells such as the nopaline 
synthase promoter and polyadenylation signal sequences are available (Pouwells et al. 
supra. (1987); Meth Enzvmoloev 118 (Academic Press, Orlando (1987)); Gelvin et al. 
Plant Molecular Biologv Manual (Kluwer Academic Publishers, Dudrecht (1990))). 
30 Depending on the host cell used, transformation is done using standard 

techniques appropriate to such cells (MMiatis et al. supra. (1982); Sambrook et al. supra. 
(1989); Meth. Enzvmologv supra. (1979, 1983, 1987); U.S. Patent No. 4,399,216; Meth 
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Enzvmologv supra (1986^: Gelvin et al, supra. (1990)). Such techniques include, without 
limitation, calcium treatment employing calcium chloride for prokaryotes or other cells 
iC^f which contain substantial cell wall barriers; infection with Agrobacterium tumefaciens for 
certain plant cells; calcium pnosphate precipitation, DEAE, lipid transfection systems 
5 (such as Lipofectin™ and Lipofectamine™), and electroporation methods for marmnalian 
cells without cell walls, and, microprojectile bombardment for many cells including, plant 
cells. In addition, DNA may be delivered by viral delivery systems such as retrovimses 
or the herpes family, adenoviruses, baculo viruses, or semliki forest virus, as appropriate 
for the species of cell line chosen; 
10 

C. Function Experiments 

Expression systems for the HH gene product, for example as described in 
the previous Section, allow for the study of the function of the HH gene product, in either 
normal or wild-type form and/or mutated form. Such analyses are useful in providing 
15 insight into the disease causing process that is derived from mutations in the gene. 

Judging from the sequence similarity of the HH gene to MHC Class I molecules, the HH 
gene product is expected to be expressed on cell surfaces. As discussed earlier, the HH 
protein is known to be expressed on the smfaces of cells of tissues from normal 
individuals and on cells transfected with the non-mutated gene. 

20 

1. Analysis of Iron Metabolism 

The HH gene (mutated, normal, or wild-type) can be utilized in an assay of 
iron metabolism. The gene is expressed, with or without any accompanying molecules, 
in cells lines or primary cells derived from HH patients, healthy individuals, or cells from 

25 other organisms (such as rodents, insects, bacteria, amphibians, etc.). Uptake of iron by 
these cells is measured, for example through the use of radioactive isotopes. 
Methodology for assessing affinity, binding , and transport of T^-transferrin binding to 
the Tfr have been described in detail (Mulford and Lodish, J. Biol. Chem. 263(1 1):5455- 
5461 (1988)). It can be predicted that the unmutated HH protein would modulate the 

30 activity of the Tfr whereas, the HH protein containing the 24dl mutation would be unable 
to modulate the Tfr by virtue of its failure to interact with and modulate other molecules 
important to iron metabolism such as iron transport "channels". In such cases the 24dl 
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mutation could be expected to result in unregulated iron transport. Further, binding of 
iron to the HH gene product can also be measured. Such experiments assist in assessing 
the role of the HH gene and HH gene product in iron uptake, binding, and transport by 
and in cells. 

5 

2. Analysis of Lead and other Metal Metabolism 

Increased accumulation of lead and certain other metals has been reported 
in HH homozygotes. See Barton et al. J Lab Clin Med 124:193-198 (1994). As 
discussed above in connection with iron, the metabolism of lead and other metals can be 
10 assessed. 

3. Analysis of MHC Function 

As discussed above, the HH gene products share significant structural 
similarity with Class I MHC molecules. Class I MHC molecules have several well 
15 known and measurable activities. Expression of the HH gene products through the use of 
appropriate expression systems allows for the analysis of whether the HH gene products 
possess similar activities. 

a. Peptide Presentation Assay 

20 Peptide presentation can be measured through use of a number of well 

known techniques. One method is to express the HH gene product on the surface of 
mammalian cells. Thereafter, the HH gene product can be purified from the cell surface 
analyzed for peptide binding, through, for example, high performance liquid 
chromatography (HPLC) after elution. Amino acid sequences of any bound peptides can 

25 be determined through conventional sequencing techniques (i.e., Edman degradation). 

Another technique to analyze peptide presentation is to express the HH 
gene product on a cell that does not conventionally possess peptide presentation activity 
(i.e., Drosophila melanogaster derived Schneider cells. See Rammensee et al. Ann Rev 
Immunol 11:213-244 (1993). In such a system, MHC Class I molecules are expressed on 

30 the cell surface "empty" (i.e., without any bound peptide). Thereafter, through the 

addition of a particular peptide to the system, the binding of the particular peptide to the 
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empty Class I molecule can be measured. See Rammensee et al. supra. (1993). A 
similar assay can be utilized in coimection with the HH gene products. 

b. T-cell Activation and Activation of Other Cells 

5 It has been observed that, in at least some HH patients, there is a decrease 

in the numbers of CD8+ T-cells. (Reimao et al. C.R. Acad Sci Paris 313:481 (1991)). 
This is a striking phenotype as a similar phenotype is associated with the (3-2- 
microglobulin knock-out mice (KoUer et al. Science 248:1127 (1990); Zijlstra et al. 
Nature 344:742 (1990)). The role of MHC Class I proteins in the development of the T- 

10 cell repertoire is well documented. See Doherty Adv Immun 27:51 (1979). Animals 
lacking CD8+ T-cells would be expected to be more susceptible to a variety of infections 
and cancers. The /3-2-microglobulin knock-out mice have been kept under pathogen-free 
conditions so that the long-term consequences of lacking CD8+ T-cells has not been 
ascertained. Humans, however, when deficient in CD8-h T-cells, have shown several 

15 conditions that are consistent with a compromised inmiune system, most notably a 200 
fold increase in the incidence of hepatocellular carcinomas. See Niederau et al. N Engl J 
Med 313:1256 (1985). 

Further, it is known that Class I MHC molecules are involved in the 
activation and differentiation of T-cells through the interaction between MHC molecules 

20 and a/0 or y/d T-cell receptors. Methods to measure T-cell activation are well known in 
the art. See Schild et al. Cell 76:29-37 (1994) and others). Signaling events in other cell 
types can also be measured. See Leibson Immunitv 3:5-8 (1995). Thus, expression of 
the HH gene product on cells that are co-cultured with various T-cells can be used as an 
assay to measure T-cell differentiation and activation induced by the HH gene product. 

25 In particular, as mentioned above, differentiation and activation of CD8-f T-cells can be 
determined and measured and the role of the normal and mutant HH gene and gene 
products therein assessed. 

c. Identification of Downstream Cells 

30 The assays described above can be utilized to monitor and determine other 

cellular interactions between "downstream cells" and the HH gene protein product. Cells 
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that interact with the HH gene protein product can be analyzed for uptake of iron and iron 
binding as described above. 

d. Determination of Cellular Markers 

5 As discussed above, the HH protein is expressed on the surface of cells. 

As such, the HH gene product can be utilized as a cell-surface marker and detected 
through the use of FACS or other means utilizing antibodies to the HH protein. The 
failure of the HH protein with the 24dl mutation to be presented on cell surfaces provides 
the opportunity for use as a non-DNA based diagnostic for HH disease. 

10 

D. Therapeutics 

Identification of the HH gene and its gene product also has therapeutic 
implications. Indeed, one of the major aims of the present invention is the development of 
therapies to circumvent or overcome the defect leading to HH disease. Envisioned are 

15 pharmacological, protein replacement, antibody therapy, and gene therapy approaches. In 
addition, the development of animal models useful for developing therapies and for 
understanding the molecular mechanisms of HH disease are envisioned. 

Peptide binding domains of MHC molecules have ligands, or are known to 
bind ligands, and we expect that the HH protein may directly bind iron or other metals or 

20 bind to a ligand (such as a peptide) that binds iron or other metals. Therefore, we expect 
that the HH protein represents a new approach to iron and other metal chelation, which 
may be useful, in addition to its role in iron overload in HH disease, in a variety of other 
diseases and conditions that are secondary to other disease interventions, including, 
without limitation, transfusions, thalassaemias, and hemolytic anemias. Delivery of the 

25 HH protein or parts thereof, or its ligand by either gene therapy or through protein 
replacement represents a new approach to metal chelation or iron modulatory agents. 

Further, because molecules that bind to iron or other metals, we envision 
that the approach can be utilized for chelation or sequestration of metals, such as copper, 
lead, zinc, cadmium, or other toxic moieties. Further, since iron is a catalyst for 

30 oxidative processes that are known to be deleterious in multiple biological systems, 

including, without limitation, vascular disease, inflammation, atherosclerosis, lung injury. 
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ischemia, and the like, we envision that the HH protein and/or fragments thereof, 
including ligands and fragments thereof, can be utilized in anti-oxidative therapies. 

An additional aspect of HH disease and iron overload disease is that hepatic 
iron concentration has been shown to correlate with non-response to a-interferon 
5 treatment for chronic hepatitis. See Van Tiel et al. J Hepatology 20:410-415 (1994) and 
Olynyk et al. Gastroenteroiogv 108:1104-1109 (1995). Thus, the HH protein and/or 
fragments or ligands thereto can be utilized in the lowering of hepatic iron levels so as to 
facilitate increased response to a-interferon in the treatment of these diseases. 

10 1. Pharmacological 

In the pharmacological approach, drugs which circumvent or overcome the 
defective HH gene function are sought. In this approach modulation of HH gene function 
can be accomplished by agents or drugs which are designed to interact with different 
aspects of the HH protein structure or function or which mimic the HH protein interaction 

15 with other molecules such as the Tfr. For example, a drug, antibody or other modulating 
protein (i.e. iS-2-microglobulin or calnexin or similarly acting molecules or parts thereof) 
could be designed to bind to the HH protein and correct a defective structure. 

Alternatively, a drug might bind to a specific functional residue(s) thereby, 
increasing or decreasing the affinity for ligand, substrate or cofactor such as Tfr. The 

20 assay for such a compound would be to promote or inhibit an interaction between the HH 
protein and the Tfr or similar molecule or could be a measure of Tfr turnover or 
endocytosis. 

Efficacy of a drug or agent can be identified in a screening program in 
which modulation is monitored in in vitro cell systems. Indeed, the present invention 

25 provides for host cell systems which express various mutant HH proteins (especially the 
24dl and 24d2 mutations noted in this application) and are suited for use as primary 
screening systems. Candidate drugs can be evaluated by incubation with these cells and 
measuring cellular functions dependent on the HH gene or by measuring proper HH 
protein folding or processing. Such assays might also entail measuring receptor-like 

30 activity, iron transport and metabolism, gene transcription or other upstream or 
downstream biological function as dictated by studies of HH gene function. 
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Alternatively, cell-free systems can also be utilized. Purified HH protein 
can be reconstituted into artificial membranes or vesicles and drugs screened in a cell-free 
system. Such systems are often more convenient and are inherently more amenable to 
high throughput types of screening and automation. 

5 A variety of drugs and other therapeutic agents have been proposed as 

useful in the treatment of HH disease and other iron or other metal overload type 
diseases. See, for example. Great Britain Patent Application No. 2,293,269 A, assigned 
to Merck Sharp & Dohme Ltd., World Patent Application No. WO 95/16663, assigned to 
Ciba Geigy AG, German Patent Application No. 4,327,226 Al, assigned to Hoechst AG, 

10 World Patent Application No. WO 94/21243, assigned to the University of Nebraska, 
Canadian Patent Application No. 2,115,224 A, assigned to Bayer Corp., Miles Inc., and 
others, Canadian Patent Application No. 2,115,222 A, assigned to Bayer Corp., Miles 
Inc., and others, U.S. Patent No. 5,385,918 and Canadian Patent Application No. 
2,115,221 A, assigned to Bayer Corp., Miles Inc., and others. World Patent Application 

15 No. WO 94/11367, assigned to Ciba Geigy AG and the University of Florida, World 
Patent Application No. WO 94/01463, assigned to the University of British Columbia, 
U.S. Patent No. 5,256,676, assigned to British Technology Group Ltd., U.S. Patent No. 
5,420,008, assigned to Oriental Yeast Co. Ltd., World Patent Application No. WO 
94/04186, U.S. Patent No. 5,075,469, assigned to Yissum Research and Development 

20 Co., European Patent Application No. 346,281, assigned to Ciba Geigy AG, European 
Patent Application No. 315,434, assigned to Yissum Research and Development Co., 
U.S. Patent Nos. 5,424,057, 5,328,992, and 5,185,368, assigned to Ciba Geigy AG, 
U.S. Patent Nos. 5,104,865, 4,912,118, 4,863,913, and 4,666,927, assigned to National 
Research and Development Corp., DD Patent Application No. 208,609, assigned to Akad 

25 Wissenschaft, and U.S. Patent No. 4,434,156, assigned to the Salk Institute for Biological 
Stodies. The invention is useful for the screening of such proposed drugs or other 
therapeutic agents for specific activity in HH disease models, assays, and design of 
molecules based thereon. 

In vivo testing of HH disease-modifying compounds is also required as a 

30 confirmation of activity observed in the in vitro assays. Animal models of HH disease 
are envisioned and discussed in the section entitled "Animal Models", below, in the 
present application. 
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Drugs can be designed to modulate HH gene and HH protein activity from 
knowledge of the structure and function correlations of HH protein and from knowledge 
of the specific defect in various HH mutant proteins. For this, rational drug design by 
use of X-ray crystallography, computer-aided molecular modeling (CAMM), quantitative 

5 or qualitative structure-activity relationship (QSAR), and similar technologies can further 
focus drug discovery efforts. Rational design allows prediction of protein or synthetic 
stmctures which can interact with and modify the HH protein activity. Such structures 
may be synthesized chemically or expressed in biological systems. This approach has 
been reviewed in Capsey et al.. Genetically Engineered Human Therapeutic Drugs, 

10 Stockton Press, New York (1988), Further, combinatorial libraries can be designed, 
synthesized and used in screening programs. 

The present invention application also envisions that the treatment of HH 
disease can take the form of modulation of another protein or step in the pathway in 
which the HH gene or its protein product participates in order to correct the physiological 

15 abnormality. Without being limited to any one theory, Tfr may be the appropriate target 
for therapeutic treatments for HH. Furthermore, as an MHC-like molecule one could 
envision that the HH protein acts as a receptor or modulator for iron-binding or 
iron-regulating molecules. As such intracellular signalling or transport functions could be 
affected by alterations in HH protein function. Such functions and their effector 

20 molecules would also be targets for HH disease-modifying therapies. 

In order to administer therapeutic agents based on, or derived from, the 
present invention, it will be appreciated that suitable carriers, excipients, and other agents 
may be incorporated into the formulations to provide improved transfer, delivery, 
tolerance, and the like. 

25 A multitude of appropriate formulations can be found in the formulary 

known to all pharmaceutical chemists: Remington's Pharmaceutical Sciences, (15th 
Edition, Mack Publishing Company, Easton, Pennsylvania (1975)), particularly Chapter 
87, by Blaug, Seymour, therein. These formulations include for example, powders, 
pastes, ointments, jelly, waxes, oils, lipids, anhydrous absorption bases, oil-in-water or 

30 water-in-oil emulsions, emulsions carbowax (polyethylene glycols of a variety of 
molecular weights), semi-solid gels, and semi-solid mixtures containing carbowax. 
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Any of the foregoing formulations may be appropriate in treatments and 
therapies in accordance with the present invention, provided that the active agent in the 
formulation is not inactivated by the formulation and the formulation is physiologically 
compatible. 

5 

2. Protein Replacement Therapy 

The present invention also relates to the use of polypeptide or protein 
replacement therapy for those individuals determined to have a defective HH gene. 
Treatment of HH disease could be performed by replacing the defective HH protein with 

10 normal protein or its functional equivalent in therapeutic amounts. 

HH polypeptide can be prepared for therapy by any of several conventional 
procedures. First, HH protein can be produced by cloning the HH cDNA into an 
appropriate expression vector, expressing the HH gene product from this vector in an in 
vitro expression system (cell-free or cell-based) and isolating the HH protein from the 

15 medium or cells of the expression system. General expression vectors and systems are 
well known in the art. In addition, the invention envisions the potential need to express a 
stable form of the HH protein in order to obtain high yields and obtain a form readily 
amenable to intravenous administration. Stable high yield expression of proteins have 
been achieved through systems utilizing lipid-linked forms of proteins as described in 

20 Wettstein et al. J Exp Med 174:219-228 (1991) and Lin et al. Science 249:677-679 
(1990). 

HH protein or portions thereof can be prepared synthetically. 
Alternatively, the HH protein can be prepared from total protein samples by affinity 
chromatography. Sources would include tissues expressing normal HH protein, in vitro 

25 systems (outlined above), or synthetic materials. The affinity matrix would consist of 
antibodies (polyclonal or monoclonal) coupled to an inert matrix. In addition, various 
ligands which specifically interact with the HH protein could be inunobilized on an inert 
matrix. For example, i8-2-microglobulin or portions thereof, jS-2-microglobulin-like 
molecules, or other specific proteins such as calnexin and calnexin-like molecules or 

30 portions thereof. General methods for preparation and use of affinity matrices are well 
known in the art. 
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Protein repIacemenKtherapy requires that HH protein be administered in an 
appropriate formulation. The HH protein can be formulated in conventional ways standard 
to the art for the administration of protein substances. Delivery may require packaging in 
lipid-containing vesicles (such as Lipofectin™ or other cationic or anionic lipid or certain 
surfactant proteins) that facilitate incorporation into the cell membrane. The HH protein 
formulations can be delivered to affected tisstaes by different methods depending on the 
affected tissue. For example, iron absorption Is initiated in the GI tract. Therefore, 
delivery by catheter or other means to bypass the. stomach would be desirable. In other 
tissues, IV delivery will be the most direct approach. 
10 

= 3 3. Gene Therapy 

Gene therapy utilizing recombinant DNA technology to deliver the normal 
^3 form of the HH gene into patient cells or vectors which will supply the patient with gene 
. 2 product in vivo is also contemplated within the scope of the present invention. In gene 
: J 15 therapy of HH disease, a normal version of the HH gene is delivered to affected tissue(s) 

in a form and amount such that the correct gene is expressed and will prepare sufficient 
j-jl quantities of HH protein to reverse the effects of the mutated HH gene. Current 
' 3 approaches to gene therapy include viral vectors, cell-based delivery systems and delivery 
13 agents. Further, ex vivo gene therapy could also be useful. In ex vivo gene therapy, cells 
" 20 (either autologous or otherwise) are transfected with the normal HH gene or a portion 
thereof and implanted or otherwise delivered into the patient. Such cells thereafter 
express the normal HH gene product in vivo and would be expected to assist a patient 
with HH disease in avoiding iron overload normally associated with HH disease. Ex vivo 
gene therapy is described in U.S. Patent No. 5,399,346 to Anderson et al., the disclosure 
25 of which is hereby incorporated by reference in its entirety. Approaches to gene therapy 
are discussed below: 

a. Viral Vectors 
Retroviruses are often considered the preferred vector for somatic gene 
30 therapy. They provide high efficiency infection, stable integration and stable expression 
(Friedman, T. Progress Toward Human Gene Therapy. Science 244:1275 (1989)). The 
full length HH gene cDNA or portions thereof can be cloned into a retroviral vector 
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driven by its endogenous promoter or from the retroviral LTR. Delivery of the virus 
could be accomplished by direct implantation of virus directly into the affected tissue. 

Other delivery systems which can be utilized include adenovirus, 
adeno-associated virus (AAV), vaccinia virus, bovine papilloma virus or members of the 
5 herpes virus group such as Epstein-Barr virus. Viruses with tropism to the gut and 
viruses engineered with tissue specific promoters are also envisioned. Viruses can be, 
and preferably are, replication deficient. 

b. Cell-based Delivery 

10 Much work has been performed in recent years regarding producing 

transgenic cells possessing therapeutic genes. Such cells could be directly implanted or 
implanted within a membrane-based matrix. For these purposes, many cells types would 
suffice but cells particularly derived from the target organs such as gut or liver are 
particularly useful. Examples include fetal liver or fetal gut epithelial cells. 

15 

c. Non-viral gene transfer 

Other methods of inserting the HH gene into the appropriate tissues may 
also be productive. Many of these agents, however, are of lower efficiency than viral 
vectors and would potentially require infection in vitro, selection of transfectants, and 
20 reimplantation. This would include calcivmi phosphate, DEAE dextran, electroporation, 
and protoplast fusion. A particularly attractive idea is the use of liposomes (i.e., 
LIPOFECTIN™), which might be possible to carry out in vivo. Synthetic cationic lipids 
and DNA conjugates also appear to show some promise and may increase the efficiency 
and ease of carrying out this approach. 

25 

4. Animal Models 

The generation of a mouse or other animal model of HH disease is 
important for both an understanding the biology of the disease but also for testing of 
potential therapies. Currently only a single animal model of HH disease exists. As was 
30 demonstrated by de Sousa et al. (Immunol. Letts 39:105-111 (1994)) and Rothenberg and 
Voland (Proc. Natl. Acad. Sci. U.S.A. 93:1529-1534 (1996)) it is possible to develop a 
model of HH disease by interfering with the normal expression of )32-microglobulin. )32- 
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microglobulin is necessary for the proper folding and surface presentation of MHC class I 
molecules. Mice with a disrupted /32-microglobulin gene were created that do not express 
i32-microglobulin protein on the surface of most cells. Mice with this mutation possess 
almost no CDS + cytotoxic T lymphocytes and develop progressive hepatic iron overload 
5 similar to HH disease. This model is somewhat limited in its representation of HH 
disease in humans as /32-microglobulin serves as a chaperone-like molecule for most, if 
not all, MHC I molecules thereby, affecting more biological systems than just those 
anticipated to be affected by disruption of the HH gene. 

This invention envisions the creation of a more specific animal model of 
10 HH disease by inactivation of the homologous HH gene in a number of species including 
mice, rats, pigs, and primates. These models will be novel in that targeting the 
homologous HH gene alone will more specifically represent the diseases as described in 
humans. 

Techniques for specifically inactivating genes by homologous recombination 

15 in embryonic stem cells (ES cells) have been described (Capecci Science 244:1288 
(1989)). More specifically, as isogenic SvJ-129 mouse genomic BAC library can be 
screened with a human HH gene cDNA probe. The resultant clones are then sequenced 
to ensure sequence identity to the house HH gene homologue cDNA, A targeting vector 
is then constructed from the mouse genomic DNA consisting of two approximately 3 Kb 

20 mouse HH gene genomic fragments as 5* and 3' arms. These arms would be chosen to 
flank a region critical to the function of the HH gene product, such as exon 4 (the 
immunoglobulin-like region which contains the proposed critical i82-microglobulin 
interactive domain and essential disulfide linkage). However, other regions such as the 
initiation codon in exon 1 or membrane-proximal regions could also be targeted. In place 

25 of the exon 4 region would be placed a neomycin resistance gene under the control of the 
phosphoglycerate kinase (pgk 1) promoter. The 5' arm of the vector is flanked externally 
by the pgk 1 -herpes thymidine kinase gene for negative selection. 

The targeting vector is then transfected into Rl ES cells and the 
transfectants subjected to positive and negative selection (G418 and ganciclovir, 

30 respectively). PCR is then used to screen surviving colonies for the desired homologous 
recombinations. These are confirmed by Southern blot analysis. 
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Subsequently, several mutant clones are picked and injected into C57BL/6 
blastocysts to produce high-percentage chimeric animals. These are then mated to 
C57BL/6 females. Heterozygous offspring are then mated to produce homozygous 
mutants. These offspring can then be tested for the HH gene mutation by Southern blot 
5 analysis. In addition, these animals are tested by RT-PCR to assess whether the targeted 
homologous recombination results in ablation of HH gene mRNA. These results can be 
confirmed by Northern blot analysis and RNase protection assays. 

Once established, the HH gene mice can be studied for development of 
HH-like disease and also be utilized to examine which tissues and cell types are involved 

10 in the disease process. These animals can also be used to introduce the mutant or normal 
human HH gene or for introduction of the homologous gene to that species and containing 
the 24dl or other HH disease-causing mutations. Methods for these transgenic procedures 
are well known to those versed in the art and have been described by Murphy and Carter, 
Transgenesis Techniques, Humana Press, 1993. Alternatively, homologous recombination 

15 procedures similar to those described above can be utilized to introduce the 24dl or 24d2 
mutations directly into the endogenous mouse gene. 

5. Down Regulation of the HH Gene or HH Gene Product 
In certain therapeutic applications, it is desirable to down regulate the 

20 expression and/or function of the HH gene, the mutant HH gene, the HH protein, or the 
mutant HH protein. For example, down regulation of the normal HH gene or the normal 
HH protein is desirable in situations where iron is underaccumulated in the body, for 
example in certain anemias (i.e., thalassaemias, hemolytic anemias, transfusions). On the 
other hand, down regulation of the mutant HH gene or the HH protein is desirable in 

25 situations where iron is overaccumulated in the body. 

As discussed above in the Section entitled "Antibodies," antibodies specific 
to the normal or the mutant HH protein can be prepared. Such antibodies can be used 
therapeutically in HH disease. For example, to block the action of the mutant or normal 
HH gene if the function associated with the mutant protein is an upregulation of the 

30 normal HH protein function and leads to an overaccumulation of iron in the body, as 
mentioned above. Similarly, antibodies can be used therapeutically to block action of an 
HH protein that is causing an underaccumulation of iron in the body. 
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In a similar manner, the HH gene, either in normal or in a mutant form, 
can be downregulated through the use of antisense oligonucleotides directed against the 
gene or its transcripts. A similar strategy can be utilized as discussed above in 
connection with antibodies. For a particularly valuable review of the design 

5 considerations and use of antisense oligonucleotides, see Uhlmann et al. Chemical 

Reviews 90:543-584 (1990) the disclosure of which is hereby incorporated by reference. 
The antisense oligonucleotides of the present invention may be synthesized by any of the 
known chemical oligonucleotide synthesis methods. Such methods are generally 
described, for example, in Winnacker From Genes to Clones: Introduction to Gene 

10 Technologv . VCH Verlagsgesellschaft nihH (H. Ibelgaufts trans. 1987). Antisense 

oligonucleotides are most advantageously prepared by utilizmg any of the commercially 
available, automated nucleic acid synthesizers. One such device, the Applied Biosystems 
3 SOB DNA Synthesizer, utilizes j3-cyanoethyl phosphoramidite chemistry. 

Since the complete nucleotide synthesis of DNA complementary to the HH 

15 gene and the mutant HH genes' mRNA transcript is known, antisense oligonucleotides 
hybridizable with any portion of such transcripts may be prepared by oligonucleotide 
synthesis methods known to those skilled in the art. While any length oligonucleotide 
may be utilized in the practice of the invention, sequences shorter than 12 bases may be 
less specific in hybridizing to the target mRNA, may be more easily destroyed by 

20 enzymatic digestion, and may be destabilized by enzymatic digestion. Hence, 
oligonucleotides having 12 or more nucleotides are preferred. Long sequences, 
particularly sequences longer than about 40 nucleotides, may be somewhat less effective 
in inhibiting translation because of decreased uptake by the target cell. Thus, oligomers 
of 12-40 nucleotides are preferred, more preferably 15-30 nucleotides, most preferably 

25 18-26 nucleotides. Sequences of 18-24 nucleotides are most particularly preferred. 

ILLUSTRATIVE EXAMPLES 

The following examples are provided to illustrate certain aspects of the 
present invention and not intended as limiting the subject matter thereof: 



30 
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Example 1 HH Diagnostic: OLA Assay 

As discussed above, the oligonucleotide ligation assay (OLA) (Nickerson, 
D.A. et al. Proc Natl Acad Sci USA 87:8923-8927 (1990)) is highly effective for 
detecting single nucleotide changes in DNA and RNA, such as the 24dl , 24d2, and 24d7 
5 mutations or sequence variations. Thus, in accordance with the present invention, there is 
provided an assay kit to detect mutations in the HH gene through use of an OLA assay. 

In the OLA assay, a sample of DNA or cDNA reverse transcribed from 
RNA is amplified, generally through use of polymerase chain reaction (PGR) 
amplification, followed by ligation with upstream and downstream oligonucleotides 

10 specific to either side of the mutation sought to be assayed. Either the upstream or the 
downstream oligonucleotide includes a base complementary to the mutated or normal 
allele and the upstream or downstream oligonucleotide is labeled to enable detection of 
hybridization to the variant base. 

Oligonucleotides complementary to the upstream or downstream sequence 

15 of the DNA or RNA in the sample, plus the mutated or normal allele, are ordinarily 
utilized in parallel so that detection of heterozygosity and homozygosity is possible. 

Generally, the kit includes reaction chambers in which to conduct 
amplification of DNA or reverse transcribed RNA from patient samples, ligation 
reactions, and detection of ligation products. One exemplary reaction chamber that can 

20 be utilized to conduct such steps is a microtiter plate. The kit can be provided with or 
without reagents and oligonucleotides for use in the assay. In general, however, in a 
preferred embodiment, the kit is provided with oligonucleotides for amplifying at least a 
portion of a patient's DNA or RNA across the mutation that is to be detected. As will be 
appreciated, oligonucleotide primers can be designed to virtually any portion of the DNA 

25 or transcription products flanking the nucleotide sought to be assayed, up to and 

including, and in some cases even exceeding 500 bases away from the mutation to be 
assayed. Further, ligation oligonucleotides can be designed in a variety of lengths. 

Samples (either DNA or reverse transcribed RNA) are placed into the 
reaction vessel(s) with appropriate primers, nucleotides, buffers, and salts and subjected 

30 to PGR amplification. The PGR products are then assayed for single base mutations 
using OLA. 
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Suitable genomic DNA-containing samples from patients can be readily 
obtained and the DNA extracted therefrom using conventional techniques. For example, 
DNA can be isolated and prepared in accordance with the method described in Dracopoli, 
N. et al. eds. Current Protocols in Human Genetics (J. Wiley & Sons, New York 

5 (1994)), the disclosure of which is hereby incorporated by reference in its entirety. Most 
typically, a blood sample, a buccal swab, a hair follicle preparation, or a nasal aspirate is 
used as a source of cells to provide the DNA. 

Alternatively, RNA from an individual (i.e., freshly transcribed or 
messenger RNA) can be easily utilized in accordance with the present invention for the 

10 detection of the selected base mutation. Total RNA from an individual can be isolated 
according to the procedure outlined in Sambrook, J. et al. Molecular Cloning - A 
Laboratorv Manual (2nd Ed., Cold Spring Harbor Laboratory Press, New York (1989)) 
the disclosure of which is hereby incorporated by reference. 

When using either DNA or RNA samples for the detection of base 

15 mutations in an OLA assay, the patient DNA or reverse transcribed RNA is first 
amplified, followed by assaying for ligation. In a preferred embodiment, the 
amplification primers for detecting the 24dl mutation in DNA are shown in Figure 5 and 
labeled 24dl.Pl (SEQ ID NO: 13) and 24dl.P2 (SEQ ID NO: 14), designed as shown in 
Figure 6. Also on Figure 5, the oligonucleotides used in the sequence determination by 

20 OLA for 24dl are designated 24dl,A (SEQ ID NO: 15), 24dl.B (SEQ ID NO: 16), and 
24dl.X (SEQ ID NO: 17). As indicated in the sequences shown, "bio" indicates biotin 
coupling, "p" indicates 5*-phosphate, and "dig" indicates coupled digoxigenin. It will be 
appreciated that the binding of biotin and digoxigenin can be reversed. In other words, 
digoxigenin can be bound to the 5* end of oligonucleotides 24dl.A and 24dl.B and biotin 

25 can be bound to the 3' end of the 24dl.X oligonucleotide. 

The use of RNA, as opposed to DNA, follows essentially an identical 
approach: the RNA is isolated and after reverse transcription the characteristic base 
mutation can be detected as described above. In order to perform PGR amplification of 
the RNA prior to OLA assay, the following oligonucleotide primers are preferably 

30 utilized: 
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Forward Primer 

24dl.P3 CTG AAA GGG TGG GAT CAC AT (SEQ ID NO: 18) 
Reverse Primer 

24dl.P4 CAA GGA GTT CGT CAG GCA AT (SEQ ID NO: 19) 
In amplification, a solution containing the DNA sample (obtained either 
directly or through reverse transcription of RNA) is mixed with an aliquot of each of 
dATP, dCTP, dGTP and dTTR (i.e., Pharmacia LKB Biotechnology, NJ), an aliquot of 
each of the DNA specific PGR firimers, an aliquot of Taq polymerase (i.e., Promega, 
WI), and an aliquot of PGR buffer, including MgClj (i.e., Promega) to a final volume. 
10 Followed by pre-denaturation (i.eAat 95^0 for 7 minutes), PGR is carried out in a DNA 
thermal cycler (i.e., Perkin-Elmer Oetus, CT) with repetitive cycles of annealing, 
extension, and denaturation. As will W appreciated, such steps can be modified to 
optimize the PGR amplification for anyVarticular reaction, however, exemplary 
conditions utilized include denaturation ars95°G for 1 minute, annealing at SS^C for 1 
15 minute, and extension at 72oG for 4 minutes, respectively, for 30 cycles. Further details 
of the PGR technique can be found in Erlich\ "PGR Technology," Stockton Press (1989) 
and U.S. Patent No. 4,683,202, the disclosureNpf which is incorporated herein by 
reference. 

Following PGR amplification, the PGR products are subjected to a ligation 
20 assay. Generally, ligation of the oligonucleotides requires a 5'-phosphate and a 3'-OH 
held in proximity by annealing to a complementary DNA strand (i.e., die PGR product), 
ligation buffer, and DNA ligase. A phosphodiester bond is formed through the reaction. 
If, however, there is a sequence dissimilarity at the point of ligation, ligation will not be 
accomplished and no phosphodiester bond will be formed. 
25 In a preferred assay, two ligation oligonucleotides are utilized (i.e., such as 

the ligation oligonucleotides mentioned above for the detection of the 24dl mutation (SEQ 
ID NO: 15 and SEQ ID NO: 17 for detection of the G allele or SEQ ID NO: 16 and SEQ 
ID NO: 17 for detection of the A allele)). The PGR products and the ligation 
oligonucleotides are suspended in ligation buffer, including NAD, with a DNA ligase, 
30 preferably amp-ligase (Epicentre) which is a thermal ligase. Ten cycles of ligation are 
performed at 94°G for 20 seconds and 58^G for 2 minutes in a thermal cycler. The 
reaction is stopped with EDTA and the product is transferred to streptavidin-coated plates 
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and incubated for 45 minutes. Thereafter the wells are alkaline washed to denature the 
oligonucleotides from the initial PGR products and then washed with TRIS buffer to 
remove any unbound materials (i.e., all products other than the biotinylated products 
which bind to the streptavidin on the plates). 

5 Detection is accomplished, preferably, through use of an anti-digoxigenin 

antibody conjugated with alkaline phosphatase (Boehringer-Mannheim) which is added and 
incubated at 37 °C for 30 minutes. The plates are washed with TRIS buffer to remove 
any unbound antibody. An ELISA detection kit (Life Technologies) is utilized where 
NADPH is used as a substrate where the alkaline phosphatase conjugated to the antibody 

10 cleaves NADPH to NADH. The NADH produced by this reaction is used as a cofactor 
for diaphorase to turn INF-violet to Formazan which generates a red color. Presence of 
the red color provides a positive signal that ligation occurred and lack of the red color 
indicates that ligation did not occur, which indicates the presence or absence of the 
specific base being assayed. 

15 As will be appreciated, the OLA assay allows the differentiation between 

individuals who are homozygous versus heterozygous for particular mutations (such as the 
24dl mutation, for which the ligation oligonucleotides mentioned above are designed, or 
the 24d2 mutation). This feature allows one to rapidly and easily determine whether an 
individual is at a significant risk of developing HH. Oligonucleotides useful for 

20 amplifying and detecting the 24d2 mutant and normal alleles are provided in Figure 9. 

In the OLA assay, when carried out in microtiter plates, for example, one 
well is used for the determination of the presence of the normal allele (i.e., the 24dl:G 
allele) and a second well is used for the determination of the presence of the mutated 
allele (i.e., the 24dl:A allele). Thus, the results for an individual who is heterozygous 

25 for the 24dl mutation will show a signal in each of the A and G wells and an individual 
who is homozygous for the 24dl:A allele will show a signal in only the A well. Those 
individuals who are homozygous for the A allele at 24dl are, as discussed above, 
homozygous for the conmion ancestral HH-mutation and are at a significant risk of 
developing HH disease. 

30 In particular, therefore, a kit for detecting the 24dl mutation by OLA assay 

is provided. In the kit, amplification primers for DNA or RNA (or generally primers for 
amplifying a sequence of genomic DNA, reverse transcription products, complementary 
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products) including the 24dl mutated and normal alleles are provided. Ligation assay 
oligonucleotides are also preferably provided. The kit further includes separate reaction 
wells and reagents for detecting the presence of homozygosity or heterozygosity for the 
24dl mutation. 

5 Within the same kit, or in separate kits, oligonucleotides for amplification 

and detection of other differences (such as the 24d2 mutation and/or the 24d7 sequence 
variant) can also be provided. If in the same kit as that used for detection of the 24dl 
mutation, separate wells and reagents are provided, and homozygosity and heterozygosity 
can similarly be determined. 
10 Because of the enrichment of the 24d2 mutation in individuals who are 

heterozygous for the 24dl mutation, kits are specifically envisioned in accordance with 
the invention which screen for the presence of the 24d2 mutation when 24dl 
heterozygosity is detected. 

15 Example 2 HH Diagnostic; Other Nucleotide Based Assays 

As will be appreciated, a variety of other nucleotide based detection 
techniques are available for the detection of mutations in samples of RNA or DNA from 
patients. See, for example, Section (III)(A)(2), above, entitled "Nucleic Acid Based 
Screening." Any one or any combination of such techniques can be used in accordance 

20 with the invention for the design of a diagnostic device and method for the screening of 
samples of DNA or RNA for HH gene mutations in accordance with the invention, such 
as the mutations and sequence variants identified herein (24dl, 24d2, and 24d7). Further, 
other techniques, currently available, or developed in the future, which allow for the 
specific detection of mutations and sequence variants in the HH gene are contemplated in 

25 accordance with the invention. 

Through use of any such techniques, it will be appreciated that devices and 
methods can be readily developed by those of ordinary skill in the art to rapidly and 
accurately screen for mutations and sequence variants in the HH gene in accordance with 
the invention. 

30 Thus, in accordance with the invention, there is provided a nucleic acid 

based test for HH gene mutations and sequence variants which comprises providing a 
sample of a patient's DNA or RNA and assessing the DNA or RNA for the presence of 
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one or more HH gene mutations or sequence variants. Samples of patient DNA or RNA 
(or genomic, transcribed, reverse transcribed, and/or complementary sequences to the HH 
gene) can be readily obtained as described in Example 1 . Through the identification and 
characterization of the HH gene as taught and disclosed in the present invention, one of 
5 ordinary skill in the art can readily identify the genomic, transcribed, reverse transcribed, 
and/or complementary sequences to the HH gene sequence in a sample and readily detect 
differences therein. Such differences in accordance with the present invention can be the 
24dl, 24d2, and/or 24d7 mutations or sequence variations identified and characterized in 
accordance herewith. Alternatively, other differences might similarly be detectable. 
10 Kits for conducting and/or substantially automating the process of 

identification and detection of selected changes, as well as reagents utilized in connection 
therewith, are therefore envisioned in accordance with the invention of the present 
invention. 



15 Example 3 HH Diagnostic: Antibody Based Assay 

As discussed in Section (III)(A)(3), herein, entitled "Antibodies," 
antibodies specific to both the normal/wild-type or mutated gene products of the HH gene 
can be readily prepared. Thus, in accordance with the invention a kit for the detection of 
an HH gene product, and particularly, the mutated HH gene product is provided for use 

20 in a diagnostic test for the presence of HH disease. 

Antibody based tests are well known in the art. In general, a sample of 
tissue, cells, or bodily fluid is obtained, or provided, from a patient. If the sample 
contains cells or tissues, typically the sample is dismpted to free the HH gene product. 
Alternatively, if surface expression exists, whole cells can be utilized. Thereafter, the 

25 sample is contacted with an antibody specific to the selected HH gene product and binding 
of the antibody, if any, is detected. Typically, the antibody is bound to, either directly, 
or through another moiety (i.e., biotin), a label to facilitate detection of hybridization. 
Such label can be radioactive, fluorescent, a dye, a stain, or the like. 

Thus, antibodies for diagnostic applications, and diagnostic kits including 

30 antibodies (and/or other reagents utilized in connection therewith) are provided in 
accordance with the invention. 
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Example 4 HH Therapv: In Vivo Gene Therapy 

The discovery of the HH gene in accordance with the invention also 
provides a therapeutic for HH disease in the form of gene therapy. In the present 
example, gene therapy is accomplished in vivo. In in vivo gene therapy, a patient is 
5 treated with a gene product in a form that is designed to cause the patient to express the 
gene. 

The coding region of the HH gene, or parts or portions thereof, can be 
incorporated into a suitable vector for use in the treatment of HH disease. Indeed, the 
coding region of the HH gene is of a manageable size for incorporation in a viral vector, 

10 such as a retroviral or adenoviral vectors. Generally, the vector will be constract to 

include suitable promoters, enhancers, and the like. Additional information related to the 
design of HH gene construct for use in gene therapy is provided in Section (III)(B)(1), 
entitled "Expression Systems." 

Viral vector systems have been indicated as highly efficient in transferring 

15 genes to mammals containing deficient genes. See, for example. Crystal Am. J, Med. 

92(6A):44S-52S (1992); Lemarchand et al. Proc. Naf 1 Acad. Sci. USA 89(14): 6482-6486 
(1992) the disclosures of which are hereby incorporated by reference. 

The viral vector can also be conveniently administered to a patient. For 
example, administration may be accomplished through, for example, liquid lavage, direct 

20 injection, or through ex vivo treatment of cells, followed by reinfusion of such cells into 
the patient. Particularly preferred tissues for delivery of vectors including die HH gene 
are the liver and the gut. It will be appreciated that liquid lavage or direct injection can 
be utilized for delivery of the vector to the gut, while direct injection will presumably be 
necessary for delivery to the liver. 

25 

Example 5 HH Therapv: Protein Replacement Therapy 

As discussed above, also provided in accordance with the invention is a 
therapy for HH disease involving replacement of the HH protein product. Where a 
patient is diagnosed as having HH disease and is not producing, or is underproducing, the 
30 normal HH gene product, such patient can be treated by replacing the normal HH gene 
product to assist the patient* s body in combating HH disease. 
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The HH gene product can be produced through the methods discussed 
above in connection with the Section entitled "Protein Purification" above. 

Delivery of the HH gene product can be accomplished as discussed in 
connection with Section entitled "Therapeutics" above. 

5 

Example 6 HH Therapy: Drug Design and Screening 

As discussed above in connection with the Section entitled 
"Pharmacological," the HH gene and parts and portions thereof can be utilized for drug 
screening. Cell-based and cell-free assays are envisioned in accordance with the 

10 invention. As discussed above, a variety of drugs and other therapeutics have been 
proposed to have activity in HH disease. Compounds such as those described can be 
assayed in cellular systems containing the HH gene or the mutations therein. Cellular 
functions such as HH protein folding, iron uptake, transport, metabolism, receptor-like 
activities, other upstream or downstream processes, such as gene transcription and other 

15 signaling events, and the like can be assayed. Each of these functions can be analyzed 
using conventional techniques that are well known in the art. 

It is expected that through use of such assays, compounds can be rapidly 
screened for potential activity in HH disease and compounds showing high activity can be 
used for the constmction of combinatorial libraries. Candidates from the combinatorial 

20 libraries can be re-assayed and those with better activity than the parent compound can be 
analyzed for clinical development. 

Example 7 HH Study: Animal Models of HH Disease 

As discussed above, through knowledge of the gene-associated mutations 
25 responsible for HH disease, it is now possible to prepare transgenic animals as models of 
the HH disease. Such animals are useful in both understanding the mechanisms of HH 
disease as well as use in drug discovery efforts. The animals can be used in combination 
with cell-based or cell-free assays for drug screening programs. 

In preparation of transgenic animals in accordance with the invention, 
30 genes within embryonic stem cells (ES cells) can be inactivated by homologous 

recombination. See Capecci supra. (1989). Specifically, an isogenic mouse genomic 
library (i.e., an Sv-129 library) can be screened with a human HH gene cDNA probe. 



71 

The resultant clones from the library are then sequenced to ensure sequence identity to the 
mouse HH gene homologous cDNA. A targeting vector is then constructed from the 
mouse genomic DNA consisting of two approximately 3 Kb genomic fragments from the 
mouse HH gene as 5' and 3' homologous arms. These arms would be chosen to flank a 
5 region critical to the function of the HH gene product, such as exon 4 (the 

immunoglobulin-like region which contains the proposed critical i3-2-microglobulin 
interactive domain and essential disulfide linkage). However, other regions could also be 
targeted. 

In place of exon 4, negative and positive selectable markers can be placed, 
10 for example, to abolish the activity of the HH gene. As a positive selectable marker a 
neo gene under control of phosphoglycerate kinase (pgk-1) promoter may be used and as 
a negative selectable marker the 5' arm of the vector can be flanked by a pgk-1 promoted 
herpes simplex thymidine kinase (HSV-TK) gene can be used. 

The vector is then transfected into Rl ES cells and the transfectants are 
15 subjected to positive and negative selection (i.e., G418 and gancyclovir, respectively, 

where neo and HSV-TK are used). PGR is then used to screen for surviving colonies for 
the desired homologous recombination events. These are confirmed by Southern blot 
analysis. 

Subsequently, several mutant clones are picked and injected into C57BL/6 
20 blastocytes to produce high-percentage chimeric animals. The animals are then mated to 
C57BL/6 females. Heterozygous offspring can then be tested for the HH gene mutation 
by Southern blot analysis. In addition, these animals are tested by RT-PCR to assess 
whether the targeted homologous recombination results in the ablation of the HH gene 
mRNA. These results are confirmed by Northern blot analysis and RNase protection 
25 assays. 

Once established, the HH gene -/- mice can be studied for the development 
of HH-like disease and can also be utilized to examine which cells and tissue-types are 
involved in the HH disease process. The animals can also be used to introduce the 
mutant or normal HH gene or for the introduction of the homologous gene to that species 
30 (i.e., mouse) and containing the 24dl, 24d2, or other disease causing mutations. 

Methods for the above-described transgenic procedures are well known to those versed in 
the art and are described in detail by Murphy and Carter supra (1993). 
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The techniques described above can also be used to introduce the 24dl or 
24d2 mutations, or other homologous mutations in the animal, into the homologous 
animal gene. As will be appreciated, similar techniques to those described above, can be 
utilized for the creation of many transgenic animal lines, i.e., pig, sheep, goat, ape, 
5 orangutan, primate, or the like, and mice are only demonstrative. 

Example 8 HH Diagnostic: Allele-specific oligonucleotide-hvbridization assay 

As discussed above, an allele-specific oligonucleotide-hybridization assay 
(Wallace et al.. Nucleic Acids Res. 6:3543-3556 (1978)) can be used to discriminate 

10 between normal and mutated alleles of the hemochromatosis gene. 

A sample of DNA or cDNA reverse transcribed from RNA is subjected to 
PGR so as to amplify the DNA segment that contains the polymorphic site. The PGR 
product is immobilized on a solid support, denatured and hybridized with 2 separate 
oligonucleotide probes that anneal to the complementary strand of the inraiobilized PGR 

15 product in an allele-specific fashion. The oligonucleotides are identical in sequence except 
for the polymorphic site (which is typically near the center of the oligonucleotide 
sequence). The first oligonucleotide can form a perfect and therefore relatively stable 
double helix with the PGR product containing allele 1, whereas annealing of 
oligonucleotide 1 to allele-2-containing PGR product will result in a less stable hybrid due 

20 to the intermption of the double helix by the mismatched base-pair. Similarly, 

oligonucleotide 2 will form a stable hybrid with allele-2 containing PGR product but not 
with PGR product containing allele 1. Heterozygous DNA samples will give rise to a 
mixed PGR product that will hybridize to both allele-specific oligonucleotides. The 
allele-specific oligonucleotide probes are typically between 15 and 20 nucleotides in 

25 length with the polymorphic site near the center of the oligonucleotide sequence, as a 
mismatch near the center is expected to have to have the most destabilizing effect on a 
heteroduplex. 

Prior to performing the allele-specific oligonucleotide-hybridization assay 
for the A and G alleles at the 24dl locus, genomic DNA or cDNA reverse-transcribed 
30 from RNA is subjected to PGR using the following primers: 

TGGGAAGGGTAAAGAGATGG (SEQ ID NO: 13) 

CTGAGGGAGTGGTGTGAAGG (SEQ ID NO: 14) 
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Prior to performing the aliele-specific oligonucleotide-hybridization assay 
for the two 24d2 alleles, genomic DNA or cDNA reverse-transcribed from RNA is 
subjected to PGR using the following primers: 

ACATGGTTAAGGCCTGTTGC (SEQ ID NO:24) 

GCCACATCTGGCTTGAAATT (SEQ ID NO:25) 

The PCk is performed in standard PCR-reaction buffer (e.g., IX Gene Amp 
reaction buffer from Pe\kin Elmer with 1.5 mM Mg"^"^) for 35-30 cycles using an 
annealing temperature of^O°C. 

After PCR, the reaction mixture is boiled for 3 minutes and then chilled on 



10 ice. One volume of 20X SSC buffer is added and approximately 2 fil of the mixture 

spotted onto two duplicate nylon filters (one for each allele) that have been pre-wetted in 
lOX SSC buffer. Alternatively, a dot-blotting or slot-blotting apparatus may be used. The 
membranes are soaked in 0.5M NaOH/1.5M NaCl solution, neutralized in 0.5M 
Tris-HCl, pH 7.5, and subjected to UV crosslinking to form a covalent bond between the 

15 denatured PCR product and the filter. 

Examples of oligonucleotide sequences specific for the 24dl and 24d2 
alleles are given in the following table. It is possible to design allele-specific 
oligonucleotides that differ from the ones shown in size and/or position of the 
polymorphic site. Oligonucleotides of complementary sequence may be used as well. 

20 

Allele Example of allele-specific oligonucleotides 

24dl:G 5' ATATACGTGCCAGGTGG (SEQ ID NO:45) 

24dl:A 5' ATATACGTACCAGGTGG (SEQ ID NO:46) 

24d2:C 5' TCTATGATCATGAGAGT (SEQ ID NO:47) 

25 24d2:G 5' TCTATGATCATGAGAGT (SEQ ID NO:48) 

The oligonucleotides are radiolabeled at the 5' end using gamma ^^P ATP 
and T4 polynucleotide kinase using standard procedures (Sambrook, Fritsch, Maniatis, 
Molecular Cloning. 2nd edition . Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, (1989) 11.31). One membrane containing PCR amplified 24dl locus is 

30 subjected to hybridization with the labeled oligonucleotide probe specific for the 24dl:G 
allele. The duplicate membrane is hybridized with the oligonucleotide specific for the 
24dl:A allele. Similarly, duplicate membranes containing PCR amplified 24d2 locus are 
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subjected to separate hybridizations with the two allele-specific oligonucleotides for 24d2. 
The stringency of the hybridization conditions (hybridization temperature, salt 
concentration of the hybridization and post-hybridization wash solutions, temperature and 
duration of the post-hybridization washes) are empirically determined to optimize 
5 sensitivity and specificity of the assay. Guidelines for suitable ranges of hybridization 
conditions are available in most standard laboratory manuals (e.g., Sambrook, Fritsch, 
Maniatis, Molecular Cloning, 2nd edition . Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, (1989) 11.45-61), 

After the last post-hybridization wash, radiolabeled probe that is bound to 

10 the spotted PCR product is detected by autoradiography. DNA samples from patient who 
are homozygous for the 24dlG allele give rise to a positive hybridization signal with the 
24dlG-specific oligonucleotide but not with the 24dlA-specific oligonucleotide probe. 
DNA samples from 24dl:A homozygotes give rise to a positive signal with the 
24dl:A-specific, but not with the 24dl:G-specific probe. Heterozygous samples are 

15 positive for both probes. 24d2 genotypes are called in an analogous fashion. In order to 
facilitate the interpretation of hybridization results, suitable control DNA samples of 
known genotype are processed along with unknown DNA samples. 

Example 9 HH Dia^ostic; Allele-specific PCR assay 

20 As discussed above, an allele-specific PCR assay (Newton et al. Nucleic 

Acids Res. 17:2503-2516 (1989)) can be used to discriminate between normal and 
mutated alleles of the hemochromatosis gene. 

The allele-specific PCR assay exploits differences in priming efficiency of a 
perfectly-matched PCR primer and a mismatched PCR primer. Typically, the two 

25 allele-specific primers are identical except for the allele-specific nucleotide at the 3* end. 
The primer specific for allele 1 can form a perfect duplex upon annealing to denatured 
target DNA containing allele 1, whereas its 3' nucleotide will not be base-paired after 
annealing to allele-2-containing target DNA. Conversely, the allele-2-specific primer can 
form a perfect double helix after annealing to allele-2-containmg DNA but will have an 

30 unpaired 3* nucleotide when annealed to allele- 1 -containing DNA. Only the cognate 
primer can be efficiently extended by DNA polymerase. Each allele-specific primer is 
used in combination with a third, common PCR primer. Depending on the genotype of 
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the DNA sample, either one or the other or both primer-pairs will give rise to a PGR 
product. 

Examples of PGR primer pairs for allele-specific amplification of the 24dl 
and 24d2 loci are given in the following table. Suitable alternative allele-specific primers 

5 may have more or less nucleotides at their 5' end. It is also possible to design 
allele-specific primers that can anneal to the other strand of the target DNA. The 
common PGR primer may be any non-repetitive sequence of 10 or more nucleotides on 
the complementary strand that is within "PGRable distance" of the allele-specific primer 
and has a suitable annealing temperature. Suitable primer pairs can be selected using 

10 published guidelines (e.g., Kramer, M.F and Goen, D.M. in Gurrent Protocols in 
Molecular Biologv , Ausubel, P.M. et al., eds., Wiley, Ghapter 15.03) or by using 
primer-picking programs such as PRIMER (Lincoln, S.E., Daly, M.J., Lander, E.S. 
1991. PRIMER: A Gomputer Program for Automatically Selecting PGR 
Primers.Version 0.5 Manual. MIT Genter for Genome Research and Whitehead Institute 

15 for Biomedical Research. Nine Gambridge Genter. Gambridge, Massachusetts 02142) or 
OSP (Hillier, L. and Green, P. (1991): OSP: A computer program for choosing PGR 
and DNA sequencing primers. PGR Methods and Applications, 1:124-128). 

Allele Allele-specific PGR primer SEQ ID Common PGR primer SEQ ID Size 

NO: NO: (bp) 

24dl:G 5' TGGGTGGTGGAGGTGGC 49 TGGCAAGGGTAAACAGATCC 13 296 

20 24dl:A 5' TGGGTGCTCCACCTGGT 50 TGGCAAGGGTAAACAGATCC 13 296 

24d2:C 5* CACACGGCGACTCTCATG 51 ACATGGTTAAGGCCTGTTGC 24 159 

24d2:G 5' CACACGGCGACTCTCATG 52 ACATGGTTAAGGCCTGTTGC 24 159 

The PGR is performed according to standard protocols procedures (e.g., 
25 Sambrook, Fritsch, Maniatis, Molecular Gloning. 2nd edition . Gold Spring Harbor 
Laboratory Press, Gold Spring Harbor, NY, (1989) 14.18) and the reaction mixture 
analyzed by electrophoresis on a polyacrylamide or an agarose gel. The PGR product is 
visualized by EtBr staining. The stringency of the PGR reaction conditions is empirically 
determined (by changing parameters such as annealing temperature of MgGlj 
30 concentration) to optimize sensitivity and allele-specificity of the assay. 



• 
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DNA samples from patient who are homozygous for the 24dl:G allele give 
rise to a positive PGR reaction with the primer pair containing the 24dl:G-specific primer 
but not with the 24dl:A-specific primer. DNA samples from 24dl:A homozygotes give 
rise to a positive signal with the 24dl:A-specific, but not the 24dl:G-specific PGR 
primer. Heterozygous samples are positive in both reactions. 24d2 genotypes are called 
in an analogous fashion. In order to facilitate the interpretation of PGR results, suitable 
control DNA samples of known genotype are processed along with unknown DNA 
samples. 

Example 10 HH Diagnostic: Template-directed incorp oration assay 

As discussed above, the template-directed incorporation assay can be used 
to discriminate between normal and mutated alleles of the hemochromatosis gene. In this 
assay, an oligonucleotide primer is designed that anneals to the target DNA such that its 
3' end is immediately adjacent to the polymorphic position. DNA polymerase and 4 
different dideoxy nucleotides are added. Depending on the allele present, the primer is 
extended by one of two alternative dideoxy nucleotides. 

In one embodiment of this assay (Ghen & Kwok, Nucleic Acids Res. 
25:347-353 (1997)), the primer carries a fluorescent moiety (fluorescein, the "donor") at 
its 5' end, and the two allele-specific dideoxynucleotides carry another fluorescent dye 
(ROX, the ''acceptor" molecule). After extension of the 5' fluorescein-labeled primer 
molecule with the ROX-labeled ddNTP dyes, both donor and acceptor are attached to the 
same molecule and thus in close proximity. Upon excitation of a fluorescein molecule 
that is in close proximity to a ROX molecule, a physical phenomenon called fluorescence 
resonance energy transfer (FRET) can take place, i.e., part of the excitation energy is 
transferred from the fluorescein molecule to the ROX molecule, which in turn emits a 
photon. Since the emission spectrum of the acceptor is different than that of the donor, 
the FRET can be analyzed by measuring the ROX-emission upon excitation of 
fluorescein. Two separate extension reactions, one with the ROX-labeled ddNTP specific 
for allele 1 and one with the ROX-labeled ddNTP specific for allele 2, are performed, 
and each extension reaction is followed by measuring the FRET from fluorescein to ROX. 
The target region is typically preamplified by PGR. 



Examples of oligonucleotide primers and dideoxynucleotide combinations 
suitable for the discrimination between the 2 respective 24dl and 24d2 alleles are given in 
the following table. Two alternative sets are given, one for each strand. 



locus 


Primer 


SEQ ID 


ROX-ddNTP 


ROX-ddNTP (mutant 






NO: 


(normal allele) 


allele) 


24dl 


(1) F-GGAAGAGCAGAGATATACGT 


53 


ROX-ddG 


ROX-ddA 


24dl 


(2) F-GGCCTGGGTGCTCCACCTGG 


54 


ROX-ddC 


ROX-ddU 


24d2 


(3) F-AGCTGTTCGTGTTCTATGAT 


55 


ROX-ddC 


ROX-ddG 


24d2 


(4) F-CTCCACACGGCGACTCTCAT 


56 


ROX-ddG 


ROX-ddC 



10 After PGR amplification of the 24dl or 24d2 locus using standard 

conditions (see above), the PGR product is purified by gel-electrophoresis. Two separate 
primer-extension reactions (each containing fluorescein-labeled primer, the allele-specific 
ROX-labeled ddNTP and three unlabeled ddNTPs) are set up and the reaction performed 
by thermocycling (35 cycles) between 93 ^'G and SO'^C, NaOH is added to the reaction 

15 mixtures, and the incorporation of ROX-labeled ddNTP is measured by determining ROX 
emission (605 nm) upon excitation of fluorescein (488 nm) on a fluorescence 
spectrophotometer. The data are normalized, processed and plotted as described by Ghen 
& Kwok, Nucleic Acids Res. 25:347-353 (1997)). 

DNA samples that are homozygous for the normal 24dl allele will give rise 

20 to a positive FRET signal after extension of primer (1) with ROX-ddG whereas the 
extension-reaction of primer (1) in the presence of ROX-ddA will be negative. In 
contrast, DNA samples that are homozygous for the mutant 24dl allele will be positive 
only in the reaction with ROX-ddA. Heterozygous samples will be positive with both 
ROX-ddG and ROX-ddA, but the FRET signal will be lower than with homozygous 

25 samples. Extension reactions containing Primer (2) and either ROX-ddG or ROX-ddU are 
analyzed in an analogous fashion, as are the 24d2 genotyping reactions based on 
allele-specific extension of either primer (3) or primer (4). In order to facilitate the 
interpretation of the results, DNA samples of known genotype are processed along with 
unknown DNA samples. 



30 
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Example 11 HH Diagnostic: PNA-mediated PCR-clamping Assay 

Many diagnostic methods involve the fomiation of a hybrid comprising the 
test DNA and an allele specific probe, usually an DNA oligonucleotide. It is possible to 
use a peptide nucleic acid oligonucleotide (PNA) probe instead. FN A differ from DNA 

5 in that the DNA ribose-phosphate backbone is replaced by a peptide backbone. Due to 
this chemical difference, PNA-DNA hybrids differ from DNA-DNA hybrids in several 
respects: PNA-DNA hybrids have a higher thermal stability (because of the lack of 
electrostatic repulsion between the two backbones); the difference in melting temperature 
between a perfectly matched and a mismatched hybrid is larger for PNA-DNA than for 

10 their DNA-DNA counterparts thus increasing the specificity of the interaction; PNA-DNA 
hybrids are no substrate for DNA polymerase, i.e., the PNA cannot serve as a PCR 
primer. 

In the following example (based on Orum et al.. Nucleic Acids Res. 
21:5332-5336 (1993) and Thiede et al. Nucleic Acids Res. 24, 983-984 (1996)), an 

15 allele-specific PNA oligonucleotide competes with the 3' end of a generic 
DNA-oligonucleotide primer for annealing to the target DNA. If the PNA 
oligonucleotide matches the sequence of the target strand, it will out-compete the PCR 
primer resulting in a negative PCR reaction. If the target DNA differs from the PNA 
probe at one position, the PNA-DNA interaction is much weaker, the PCR primer can 

20 anneal and give rise to an amplification product. 

The DNA sample to be tested is split into four aliquots. The first aliquot 
receives a PNA-oligonucleotide that matches the normal 24dl sequence, the second 
receives an PNA-oligonucleotide that matches the mutant 24dl allele, the third and fourth 
aliquots receive PNA oligos that match normal and mutated 24d2 alleles, respectively. 

25 The reactions are complemented with PCR primers to amplify the 24dl and 24d2 loci, 
respectively. The various combinations of PNA oligonucleotides and PCR primers are 
specified below. In this reaction the cognate PNA probe will abolish a reaction. In order 
to discriminate between specific inhibition and other causes for negative PCR reaction 
(such as unspecific inhibitors or omission of essential ingredients) PCR primers specific 

30 for another, unrelated genomic locus can be included (which should be amplifiable 

regardless of the which PNA oligonucleotide is present and regardless of the genotype at 
24dl or 24d2 of the DNA sample). 
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Allele 


PNA 


SEQ ID 


PGR primer 1 


SEQ ID 






NO: 




NO: 


24dl:G 


GCTCCACCTGGCACG 


57 


CTCAGGCACTCCTCTCAACC 


14 


24dl:A 


GCTCCACCTGGTACG 


58 


CTCAGGCACTCCTCTCAACC 


14 


24d2:C 


GCGACTCTCATCATC 


59 


GCCACATCTGGCTTGAAATT 


25 


24ci2:G 


GCGACTCTCATGATC 


60 


GCCACATCTGGCTTGAAATT 


25 



Allele PGR primer 2 SEQ ID Size 

NO: (bp) 

24dl:G GGAAGAGCAGAGATATACGT 53 131 

24dl:A GGAAGAGCAGAGATATACGT 53 131 

10 24d2:C AGCTGTTCGTGTTCTATGAT 55 87 

24d2:G AGCTGTTCGTGTTCTATGAT 55 87 

The PGR is performed according to standard protocols procedures (e.g., 
Sambrook, Fritsch, Maniatis, Molecular Cloning. 2nd edition . Cold Spring Harbor 

15 Laboratory Press, Cold Spring Harbor, NY, (1989) 14.18) and the reaction mixture 

analyzed by electrophoresis on a polyacrylamide or an agarose gel. The PCR product is 
visualized by EtBr staining. The stringency of the PCR reaction conditions is empirically 
determined (by changing parameters such as aimealing temperature of MgClj 
concentration) to optunize sensitivity and allele-specificity of the assay. 

20 DNA samples from patients who are homozygous for the 24dl:G allele fail 

to amplify in presence of the 24dl:G-specific PNA but should give rise to a 131-bp PCR 
product in presence of the 24dl:A-specific PNA oligonucleotide. DNA samples from 
24dl:A homozygotes will be negative in the reaction containing the 24dl:A-specific PNA 
but positive in the reaction with the 24dl:G-specific PNA molecule. Heterozygous 

25 samples will be positive in both reactions. 24d2 genotypes are called in an analogous 
fashion. In order to facilitate the interpretation of PCR results, suitable control DNA 
samples of known genotype are processed along with unknown DNA samples. 
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Example 12 HH Diagnostic: Ligase-Chain-Reaction Assay 

The ligase chain reaction (LCR; Wu & Wallace, Genomics 4: 560-569 
(1989)) is an amplification method which is based on the template-dependent ligation of 
two adjacent oligonucleotides. The DNA sample is denatured in the presence of two 

5 pairs of oligonucleotides. Upon lowering the reaction temperature, pair 1 will anneal 
side-by-side on one strand, pair 2 will anneal side-by-side at the identical position on the 
complementary strand. Two of the oligonucleotides carry a phosphate group at their 5' 
end thus allowing the enzyme DNA ligase to form a covalent bond between the two 
oligonucleotides annealed on the same strand. After ligation, the temperature is raised 

10 again, and another annealing and ligation cycle is performed. Since non-ligated 

oligonucleotide pairs can anneal to the ligation products formed in the previous cycle, the 
amount of ligated oligonucleotides will double with each reaction cycle leading to an 
exponential amplification of double-stranded DNA consisting of the two ligated 
complementary oligonucleotide-pairs. Because the ligation does not occur in the presence 

15 of a mismatch between the template and one of the two oligonucleotides at any of the 

positions flanking the ligation junction, an allele-specific LCR amplification assays can be 
developed (Barany, Proc. Natl. Acad. Sci. USA 88: 189-193 (1991)). 

Traditionally, the LCR oligonucleotides are radiolabeled and the 
LCR-amplification product is detected as a radioactive electrophoresis band, which is 

20 larger than the input oligonucleotides. Modem high-throughput incarnations of this 
method use fluorescently-labeled oligonucleotides in combination with ABI-type 
sequencers or capillary-electrophoresis systems to resolve input from product 
oligonucleotides. In the following example, the LCR-product is detected by a 
solid-phase-capture/detection-tagging strategy similar to that described above for OLA 

25 (Nickerson et al., in Current Protocols in Human Genetics , Ausubel, P.M. et aL, eds., 
Wiley, Chapter 2.6), i.e., one of the oligonucleotides is biotinylated and its ligation 
partner is digoxigenin labeled; hence only the ligated product will bind to a 
streptavidin-coated plate and give rise to a positive reaction with an anti-digoxigenin 
antibody. 

30 To increase the number of target molecules prior to performing the 

allele-specific LCR assay for the A and G alleles the 24dl and 24d2 loci may be 
preamplified from total genomic DNA or cDNA reverse-transcribed from RNA by PCR 
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using the following primer pairs. This preamplification step is optional. Alternatively 
one can start with total genomic DNA and perform more LCR cycles to amplify the two 
loci during the LCR itself. 
24dl: 

5 TGGCAAGGGTAAACAGATCC <SEQ ID NO: 13) 

CTCAGGCACTCCTCTCAACC (SEQ ID NO: 14) 

24d2: 

ACATGGTTAAGGCCTGTTGC (SEQ ID NO:24) 

GCCACATCTGGCTTGAAATT (SEQ ID NO:25) 

10 The PGR is performed in standard PCR-reaction buffer (e.g., IX Gene Amp 

reaction buffer from Perkin Elmer with 1.5 mM Mg"^"^) for 35-30 cycles using an 
annealing temperature of 60^C. 

Two allele-specific LCR-reactions are set up for each locus containing 
thermostable ligase, and the following combination of oligonucleotides: 

15 Allele oligonucleotide-pair 1 seq id oligonucleotide-pair 2 SEQ ID 

NO: NO: 

24dl:G bio-GCCTGGGTGCTCCACCTGGC 61 bio-GAAGAGCAGAGATATACGTG 63 

pACGTATATCTCTGCTCTTCC-dig 62 pCCAGGTGGAGCACCCAGGCC-dig 64 

24dl:A bio-GCCTGGGTGCTCCACCTGGT 65 bio-GAAGAGCAGAGATATACGTA 67 

pACGTATATCTCTGCTCTTCC-dig 66 pCCAGGTGGAGCACCCAGGCC-dig 68 

24d2:C bio-TCCACACGGCGACTCTCATG 69 bio-GCTGTTCGTGTTCTATGATC 71 

pATCATAGAACACGAACAGCT-dig 70 pATGAGAGTCGCCGTGTGGAG-dig 72 

24d2:G bio-TCCACACGGCGACTCTCATC 73 bio-GCTGTTCGTGTTCTATGATG 75 

pATCATAGAACACGAACAGCT-dig 74 pATGAGAGTCGCCGTGTGGAG-dig 76 

20 

The reaction mixes are subjected to 5-10 thermocycles (for PGR amplified 
targets) or 25-30 thermocycles (for non-amplified samples), with each cycle consisting of 
a 30 sec denaturation step at 94*^0 and a 2 min. ligation step at 60°C. 

After the last cycle, the reaction mixtures are transferred to 
25 streptavidin-coated microtiter plates to capture biotinylated oligonucleotides. Un-ligated 
3'-digoxigenin-labeled oligonucleotides are removed by denaturation and extensive 
washing. Finally, captured and digoxigenin-containing (i.e., ligated) products are 
detected with an anti-digoxigenin Fab fragment that is conjugated to alkaline phosphatase. 



• 
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whose presence in turn is assayed by a suitable colorimetric reaction, similar to the 
detection procedure described above for OLA assays. 

Example 13 RFLP-Southern Analysis 
5 Genomic DNA from individuals can be digested using restriction 

endonucleases and size fractionated in agarose gels by electrophoresis (Kan and Dozy, 
Lancet ii:910-912 (1978)). The DNA fragments are then transferred to nylon membranes 
(or nitrocellulose) and fixed by standard techniques such as chemical or UV crosslinking. 
A DNA probe such as the cDNA or genomic DNA surrounding the mutation can be 
10 labeled by either 32P or other conventional methods and hybridized to the filters, washed 
and exposed to X-ray film. For detection of the 24dl mutation, either Rsa I or Sna BI 
restriction endonucleases can be used. In both cases the 24dl mutation creates an 
additional site. . For detection of the 24d2 mutation, either Bel I, Sau 3A, Mbo I, or Dpn 
II restriction endonucleases can be used. In all cases the 24d2 mutation destroys a site. 



15 



20 



Example 14 RFLP-PCR Analysis 

Genomic DNA from individuals can be amplified using the polymerase 
chain reaction using oligonucleotide primers that flank the 24dl and 24d2 mutations. For 
example the following sets of primers can be used: 



24dl 5' TGGCAAGGGTAAACAGATCC 3' (SEQ ID NO: 13) 

5 ' CTCAGGCACTCCTCTCAACC 3 ' (SEQ ID NO: 14) 

PGR product = 390 bp 
24d2 5' ACATGGTTAAGGCCTGTTGC 3' (SEQ ID NO:24) 

25 5' GCCACATCTGGCTTGAAATT 3' (SEQ ID NO:25) 

PGR product = 208 bp 

The resulting product sizes are given. These PGR products can be 
subjected to restriction endonuclease digestion using the same enzymes described in the 
RFLP - Southern Analysis example. For detection of the 24dl mutation, either Rsa I or 
30 Sna BI restrictions endonucleases can be used. The wild type (unmutated) allele will have 
a 250 bp and a 140 bp band following Rsa I digestions and size fractionation on agarose 
gels with ethidium bromide staining. The mutant allele will produce 3 bands of 250 bp. 
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111 bp, and 29 bp under the same conditions. For detection of the 24d2 mutation, either 
Bel I, Sau 3A, Mbo I, or Dpn II restriction endonucleases can be used. In all cases the 
24d2 mutation destroys a site. In the example of using Bel I the wild type allele will 
result in band sizes of 138 bp and 70 bp. The mutant allele destroys a site resulting in a 
5 band size of 208 bp. 

INCORPORATION BY REFERENCE 
All references (including books, articles, papers, patents, and patent 
applications) cited herein are hereby expressly incorporated by reference in their entirety 
10 for all purposes. 

EOinVALENTS 
While the invention has been described in connection with specific 
embodiments thereof, it will be understood that it is capable of further modification, and 
15 this application is intended to cover any variations, uses, or adaptations of the invention 
following, in general, the principles 'of the invention and including such departures from 
the present disclosure as come within known or customary practice in the art to which the 
invention pertains and as may be applied to the essential features hereinbefore set forth, 
and as fall within the scope of the invention and the limits of the appended claims. 



